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Tni IS m) s( i(n<< in \vl»ic li pio^u sim itn])ri)\ cMurnt h so 
( listiiutlv niaiKttl a'* in \stioiuniiv 'I'iin strps {)> wliuhit 
his athaniKl t') tin if< o! iscdlctui iii whuli wi iu>\v 
lx hold it, ina\ In^a tU(UMtil> tiaitdasthi ptuxipal i vi iits 
oi oui pi^t h\is Ihtt .iltlx»ut:;li this lx tin ra'-c, anil al 
thoiiLfh the itn]Hov( iiH lit ot this s( k m i has lx in piodiatiM^ 
o l jao ic iinpoit lilt luiulit*- to soi n tv thi*n aii> otix i that 
( iianud, tlx k no hiatx h o| usifiil knowliiha 
'‘O ]iTll( sludx (I In ilx inhahitant ol thi^ <ounti\, it tlx* 
|)i( 'll nt ihn , a'» \*'ti<)noin\ 1 or thou^ii |L;;r( at and )in]»oi(ant 
di^cinx nrs Ium I<itil> btiii in id< in tins su in i , j(t a 
knowlidi;^ <d tlx sc aixi iv<n ol tlx piinfipli*^ ol th<* 
sc a lie o itsi It, iscontjixd to a lew nxlnidiiils IJn < bn f 
tOii^on, pcih<i{is, tlxit ( III ho issi.Mxd lor tln*^ will knowii^ 
IcUt, tint thosenme ol \slionoui> ha*- -dx < n ^^nx nilly 
niltnifed by < iniix nt iiiaflKin ilinans , and lx ix < an ill- 
louiidoJ opinion Inn iristn, that it iHiitcc^sar> to study a 
lodious c ouiM ot matfumahi provious to cute unf? upon the. 
stud\ of this sc loih c But ho\u \or rx c ossai \ iiuthoraatical 
kiiowlcdijo Ilia} be in tlio pursuit of u&tronoaueal Atudxs, 
innch iinpoit.^nt and uxiul ixloixiation may bo ar quiicd cm 
ihib subject, Without poss^ «i knowledge of unjln malic s* 
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3«tronom8» 

AS IT IS KNOWN AT THE PRESENT DAY. 


ON Tlir UTILITY OP ASTRONOMY. 


AsmoNOMY IS <ino of tho most autiiut uml ono ol iho inofit 
pltasincf hrnnohos t>f knowU (!{><* uiiiob Ims ovoi on^ittcofl tho human 
muni. 'I iir and suliliinily ot tho i>b|t*cis it prc*si*uts olf*- 

latoaurj irii[»io\o tin* iiiiiid, banish low diid frivolous piiHsions, and 
b( < OHIO a souico ot m>v<-*r-<*vAMm4; ploasurc. 

No spccus of knowlvilfrv that is attainid by tho ht;ht of tiatino* 
ivivts biuln 1 or jusiii notious of tho Supioniv Hoirii;; no scioiice 
atloids siionn<r aid’d merits liy uhich his eMslcnn is dcmonstrntod ; 
.ind noiu inoii cotiviiiiiiii^ proofs of IMS powir mid wisdom; 

loi, us Daud ^a\s, the hea\ cris dt olarv the jfloiy i>f C»od, and the 
tiiiiMiiunt sheMitli Ins hiiuly work/* 

Ciciro, who i>as {>u((icd only by lh< baht of teasuii^ appears to 
have h'ul (he same st iiimifiits ; foi ** nothin^;,’’ suy^ he, m more 
evidtiit, nothin;; is pbiinei, \^lieii we look up to the heavens, and 
eoiiti mjilate tin ceh siml bodies, than »Jhil iheie is a Deity uf most 
e\n tit nt w isdoni w ho i;oi < iiis them.’ 

Tor thi terlaiiit) ami evidnicc ot its deinonstr.itioiis, Astronomy 
IS not inhiioi Id tveonietiv' the motions ol the Iieavdily bodies 
beiiii; now as cfrtainly known, and thfir ^eaiisi s as stric Iv demon' 
stiatrd. as any proposition in pure Mathemuties, 

'fhe Hiiialhst stais we ran see, Uioiiah at un imnriiasurablo dis- 
from us, liau* tbur latitude and lon^ifude ft.s ixaetly deloi- 
mined nb any plaee on tlic earth; and the lelipses of ihe sun and 
moon, the oon)inK(ioiis, oppositions, ami phases oi the pUmts, arc 
calculated wilh the ^rejlest piociaiori. 

** Thdc is no s(Knce,” bays Dr, Keii, “ in wdiich there remains 
fewei difficulties lo be explained, ob|eetion» to be answered, or 
bcriiples to lx removed, than in Ahtrouoiiiy, and no i^ctenco baa 
atUiiied so hii>h a degree of perfection hh it has ; for no philoaopher 
has evci yet (lisofwered ihe figure ot the smaH particles of matter, 
or the texture, lnter^als, form, and composition, uf the parta of the 
most common plant.” 

Nor has any Physman yet discovered the reaaon of the virtues 
and operations by which hU medicines affect the btimanjbodj. And ' 
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USE OF ASTRONOMY. 


in all ANIMAL and vegp.tablk bodies, the fountain ci|Da Jhmt prin- 
ciple of LIFE ami ACTION arc uiisearclmbie, and lool^ lilft 
tery far beyond the reach of our uiiderstaudiog;, anj|^erhap|t^iay 
for ever reinuiii unknown to us. 

liut Astronomers (in their proper sphere) meet with such dif< 
hcultics, for it is no part of their business to contemplate the 
nature of tho celestial bodies; but tlieir motions, their magni- 
tudes, and the various phenomena arising from their motions. 

They not only detcTinme what sort of motions the 1’lankts have, 
how large orbits they describe, and how long they take to complete 
their revolutions, but they likewise show the crooked tracts in the 
immense regions of space which the w'andering Comets describe, 
and give us the georoelitcal dimensions and properties of their orbits, 
and the laws they observe in descrihirig them. 

Astronomy has at all times been studied by the grralest j>hilo- 
sophers and men of genius in every part of the world ; and the 
most celebrated of the ancients speak of it with admiraiicni. hen 
Anaxagoriis was asked for what end he was ln>rn, he an»t\vtrecl, 
** To eonlcmptate the Stars.’* If there is much cnthusiasui in this 
reply, we at least see with what admiration a man of genius conlem- 
platC'd the sublime spectacle of the heavens. 

Clato had also the highest reganl for tiiis science; for in his 
work, ('iititled ** FipiiKmiis, or the Philosopher,” he says, “ that no 
wise iiiaii would be* ignorant of Astronomy.” 

1’liis science not only contributes to the improvemf'id of many 
other sciences, but it is also of admirable use in strengthening the 
mind, and arming the reason aguiiiit th« eH’ects of ignorance and 
superstition. 

Kveiy OIK. must allow that morals would be quite \agur, and 
have but few attractions, if founded on ignorance or error. Ought 
it then to be accounted of no value, to have the advantage of being 
preserved from the fatal eflects arising from this cause ? 

Can tve look without the emotions of compassion and pity on the 
stupidity of those, who believed that by making a great noise 
during the. time the Moon was cc/ipmf, that it gave relief to her suf- 
ferings, and freiMl her from tJie disf^ase wdlh w^hicb she was siip[ioscd 
to be alHIcted, and w hich they belicvetl to be produced by enchant- 
ment? 

Besides these errors, which degraded the human mind, we find in 
history many passages which show the fatal effects arising from 
the ignorance of this science. 

Nicias, the Athenian general, had resolved to quit Sicily with his 
army ; but an Eclipse of the Moon made him lose the favourable 
opportunity, w'hich was the cause of the death of the general, and 
the ruin ot his army. This disaster W'as so fatal to the Athenians, 
that the decay of their country immediately followed it. 

Alexander the Great was so afraid of an Eclipse of the Moon 
before the battle of Arbella, that he ordered sacrifices to be oflered 
to the moon and to the earth, as to divinities that caused the 
eclipse. * ' 
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Ott the contrary, we have many examples oi tliose who possessed 
a knowledfre of Astronomy^ turnmg that kiu>wted);e to the ifreatosi 
advantage, both to themselves and to their country* 

When Pericles commanded the lioman fleet, tiure happin^^d an 
Eclipse of the Sun, vihich caused a general terror throughout tlie 
flett, even the Pilot himself was afiauK 

Pencks, lioaevei, knew the tine cause of the phenomenon, aiifl 
reasoned with the Pilot m a vcry*familia.i mannii ; he took the end 
of his mantle, and after covering the eyea of tiu Pilot with it, s»iid 
to him, “ Do you believe that wffcat I miw <lo is u sign of mutor- 
tiine “ Ao,” said the Pilot. ** This is an Edipsi to you/’ suul 
Puieles, ** and it differs nothing from that which has just hap- 
pened, except in tins, Uiat the Moon being large r than m} Man ii K, 
liidt s the Sun from a greater numb# r of pc rsoiis/’ 

Airaihocles, kintr of Syraciifco, while engaged in a wai in Africa, 
found hrroi spreading through hts army at the sight of a Solar 
I’ciipsc, he immc diati ly presented himself to Iiis auldiers, and ex- 
pliiimd tb( (/tuH of till phenomenon, which had the cflict of dis 
polliiis; thur leais, and restoring order 

l\raiiy other exainplea of the applieation of astioiiomical know- 
Jtdgc Ilia} hf hi ought from history; but thosi already iiuntiomd 
nil} serve to show the usefulness of Astronomy, even in aflaus 
appin^ntiy nowise conneitcsl witli it 

I he t»tor> of Colunibiti» and the natives of Janinrca, is too will 
known to icr|iiiri to he noticed here 

Till knowledge of A«tionoiny has also In eii of gieat advantage in 
exposing the ahnuidilics ot and freiing nu n*s minds from 

lliat spi cies of decf {ilion to which Un y wi n so long th« diipis. In 
till Mar all the Astronomeis in Eiiropi ugiecsl in .iimoiiiieiiig 

to the world <t ronjutiction of all the Planets then known, which 
they said woidd he ac eoinpanii d with such dreadful c fleets, that 
then would he gnat danger of a general overthrow, and vwiy 
person expected to see Uie end of the world That y<ar, how eve t, 
passed as others had done before it , but a nunitred other false pre- 
dictions were not sufficient to free the ignorant and c re duloiis from 
thr prepossessions and pnpidiecs of their infancy. It was lines 
sary that a spirit of phdosophy and resrarih should Kproad among 
men, that the exti nt and liiiiiU of naiurr should lx unfolded to 
them; and accustonicsl no morc^ to fear without examiriatiuii, and 
without proof ; yet wc still see, from time to tunc*, tlie crc^lulity of 
the public, in listening to the rcvcncs ot ignoranc c and supc rsti- 
tion. 8o late as the year 1736, when there bapiiemd a very 
exlraordmar\ heat, and furious wind, on tlie 20th October, it was 
published in all the GaaeUes that the Sun had returned, or gone* 
back to the tropic of Cancer. This was so generally heticvod^ that 
It became necessary for the learned to take the trouble of unde- 
ceiving the public. About the end of the year 176B too, every 
person believed the Flattest Haturn tost; and it was even puhltsbncl 
til the most sensible periodical publicatioos, and talked of in the 
most cultivated companies. 

B2 
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Comt‘ts \v« r< , uiiove all, one of the greateiit objoctf; of tenor; 
hut a k!iowlod![*(‘ of Astronomy has shown those fears to he {ground- 
less, and hits even dispelled tiu'm from the winds of the 
ignorant. 

But it is not only in this way tfmt Astronomy has rendered its* If 
useful: it has been serviocMiide to maiiKind in many different wa^s. 
ft is well known that (if^ography and Navi^aliim arc so intiniutely 
coiinecti'd with Astrommiy, that they c.mnut he separatetl, and that 
nil the inj])roveuir‘nts and disc«)vcrics in those branches of knowledge 
are entirely owint; to the science of Astronomy. 

The ohservnticm of the altitude of the i*olc Star, first tiiiight men 
that t.li<‘ liurth was round; ami Kclipses of the MtJON first served 
to make known the I.imjii'ude of places. “ AVe should not kiiow^” 
said Ilypparehus, whether Alexaiuiria he to the Nrrrth or South 
of Ihiliylou, without the observation of Cliiimtes; iiiul we eaiinot 
know wliefhor a country he Hast or West of another, without thi 
ohservation of Kclipsca.” 

We find alst» by the Alcoran, that travellers in crossing the desert 
of Arabia took certain utars for their guides; for it is there said, 
that ** tiod has given you the stars to serve you as guides, wiiether 
yon he u[»ou the land rrr tlie water/^ 

'I'hc discovery of Jupiter’s Satellites has given greater perfection 
to our g«>ogrirphicid unr) marine charts, than could have been done 
for a thousand years by voyages and travels; niul wluui their 
theory shall he rendere<l still more complete by multiplied ohservn- 
tions, the inetluid of finding the hingitiide will he both more easy 
and more aocnrale. 

The itn[iiovi>ments which have been made in geography since 
accurate observations li(*gaii to l>c made in Aatrouoniy, will In' best 
inulcrstood by mentioning an example or two. 

The length of the Mediterranean Sea w'as unknown till the be- 
ginning of the soventeeiith century, but is now as welt known as 
th«‘ length of Ureal Britain. 

1'hc ditlerence of I^ongitudc between Cairo, and Toledo in Spain, 
is stated, in the geography of Gemma Trisins, (published 1 530,) to 
bo 53' inst<>ud of 34'^ 30 ; and other distances are exaggerated in 
the same iiuiiincr. 

Till the year I7t?9, there were three or four degrees uncertain on 
the length of the Caspian and Black l^eas; and before Uie same 
year there was an cnor of half a degree in the Longitude of 
Gibraltar. 

America was unknow'ii till the year 150*2; and its discovery 
is solely to be attributed to the knowledge of Astronomy possesseti 
by Cohinibiis. 

It appiuus he had an iiitiniate acquaintance with the doctrine of the 
Sphere, which gave him that conMence which prompted him to 
direct his course to the w^estward, certat5 of eitlier coming on the 
vest Cfiiitiueiit of Asia, or of discovering a new one. If any tiling 
yet remains for the ttxmrovement and security of navigation, it is an 
easier and more ejLpidltiotis luethod of finding the longitude at sea. 
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There is at present a method of p^formiiiff this with great ae- 
ouracy, by moans of nioasurttig the diatunco between the stni and 
moon, or the moon and a star; amt if seamen knew a little of 
Astronomy, they nevejr coidd be deceiveii alwve ten leagues, whikt 
they are sometimes more than 200 iincoi'tuii]» on ordinary voyages, 
such as going to Aim rica and die West Imlies. 

The uncertainty that Lord Anson was in, respecting the situatioa 
of the island of Juan irernutidez, made him keep the sea muoh 
longer itiau would have been iioceshary, had not this been the case, 
wiiicti might have saved tlie lives of seventy or eighty of his men. 
But accidents even more fatal than this have bticn occasionetl by 
errors of a Kimilnr kind. 

The udvantagcH of iiavigaliuii to the success of a nation prove in 
a very convincing manner the usefulness of Astronomy. 

The trade and pruspericy of Great Britain, as well as her succeds 
at Sea in war, shoMs that the Nai'y nione cun decide the fate of 
Miiipires and give to a fiaiioo both wealth and- ptuver ; for, as 
M. ie Mdrc siivs, **TheTitU)KNT of Meptune is the Sceptre of the 
world." 

Agriculture lornurly borrowed from Astronomy most of its 
rules and iudicatioiiH ; fur Job, Jlesiod, Vcrioii, Ludoxus, Aratiis, 
Ovid, uiid Pliny, furriijiih us with proofs of this; the ina.iACAi. 
rising or setuiig of the Pleiades, of Arctuiii-i, Orion, und tSirius, 
gave to the Greeks and Kgyptiaiis the signal (or dirt’creiit kinds of 
work. 

hir example: the n,^ing of Sirius announced to the (Jrctks the 
time of harvest, and to tiio ICgyptiaim tlu: oversowing of the Nile. 

/Viicient Clirotiology receives, from the knowledge and culeulalion 
of Eclipses, the most certain points, or epoeh.s, that il is possible 
for us to have. I'he Chronology of the Chinese is all foumled on 
Eidipscs of the Sun and Aloon ; and if there ha«i always been 
Astronomers in the world, Uiere would l>e no uncertainty in the date 
of any remarkablo event mentioned in hist^iy. 

It IS by an Eclipse of the Moon that an error lias been discovered 
in the date or comiiienceiuent of the Christian era, or birth of Jesus 
Christ. We know that ilcroti was king of Judea; and vie arc 
informed by Josephus, that there was an Eclipse of the Moon im- 
mediately before the death of Herod. Now we find tlmt this 
Eclipse happened in the night of the 12th or l!)th of March, four 
years before the coinnienccuient of the vulgar era; tluTefore that era 
ought to be put back three years at least. 

It is also by knowing that an Ikltpse of the Sun can only happen 
at the lime of NRW moon, anti that be can only he t4>lally eciip«e<l 
for a few luiniites (7p» that Christians are convinced that foe clark- 
nc<«s which took {dace at the crucifixion of Jesus Christ was super- 
natural ; for tins event took {ilace at the time of the Jews* Pas.s- 
OVER, which was kept at the time of full moon. 

It b likewise by means of Eclipses of the Sun, that Castor fixed 
the termination of the war belweeit the Lydians and Mbdes to the 
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yciar 603 bi^foie our era ; and the expedition of Xerxes against 
Greece to the year 476, which is commonly lixed to 480 before our 
era. Sir J. Newton too has made use of Eclipses in settling the 
dates of many disputed parts of Grecian history. Abbe Barthelemy 
has likewise employed the same means to settle some uncertain 
dates which occur in the history of Greece. 

Another important use of Astronomy is, to furnish us with the 
means of dividing time, and of regulating our clocks and watches, 
which is a matter of much greater importance than many are aware 
of; for the multitude of our affairs, and the necessity for exactness 
in most of thorn, have rendered accuracy in the division of time 
ul>Kolutely necessary. Now Uiis cannot be aceoinplished any other 
way than by comparing the motion of our timelveeper.s with the 
motions of the celcvstial bodies. 

Meteorology, or the knowledge of the changes of th(‘ air, such as 
winds, rains, droughts, A'c, have certainly a very material and im- 
mediate eifect on the state of the human body. It is, therefore, 
highly probable, that Astronomy would be «>f very great use in 
delorminiiig these eirccts, if we could discover the physical influence 
of the Sun and Moon on the atmosphere, and the changes produced 
in that fluid by those bodies. It is well known that the Moon not 
only raises the watr rs of the ocean twice every day, but that she 
has considerable efl’eot on the state of the atmosphere. This has 
led several eminent physicians, such as Mode, Jloflnian, Ac. to be- 
lieve that there may be soim^ connection b<‘tw'cen the Moon and 
inedicino ; but whether this bo the case, or not, it is well known that 
the stale of the weather has u very material effect on tlie human 
body. 

But,'* as roiitenellc says, ** though astronomy should not be abso* 
luteiy necessary for tbe ptirpus€^3 of geogranby, navigation, and even 
for tile enUivation of divinity, yet it is highly worthy of the attention 
of every rational being, for the noble and sublime spectacle wtiich it 
presents to the iniml.” 

** Inhere nre/’ says tlie same author, ** in some deep mines many 
poor ignorant creatures who have been born there, and have even 
lived and tiivd there, without ever once having seen the Sun.” 
Such is nearly the condition of those who are ignorant of the nature, 
order, and course of those glorious orbs, which roll above their 
heads, to whom the greatest beauties of the heavens are unknown, 
and who have not light enough to enjoy the universe. 

To those who love the writings of the ancients, whether histo- 
rians or pm»ts, a knowledge of astronomy will be fonnii extremely 
useful. Since it is proved that all the mythology of antiquity took its 
rise from astronomical symbols and allegories, mid that the writings 
of the ancients abound w ith allusions to these symbols and allego- 
ries, it is evident that an acquaintance with astronomy is necessary, 
in order to understand these writings. 

The poets who have describea Greece and Italy, and whose 
works arc siirc of immortality, all loved and knew astronomy. Some 
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of them have even tnaile so frequent use of it« that it is impossible 
to understand their works without possessing some acquaintance 
with astronoiA^. j^inong tlio Greeks who ha\e introduced tliw sub- 
ject into thetr writings, may be mentioned JLionier, Jlestod, and 
Aratus; among the Latins, Lucretius, Horace, Virgd, Lucian, Me 
ncKius, and Claudien. The particular passages it ts unnecossaiy to 
mention, as cicry one who looks into these authors will iiiul manv 
passages of this description. 

Tile know ledge of the heavens has often lieen the source of many 
beauties in the works of the (a.ncients, and we rarelv tiiid among 
them that strange ignorance of astronomy, which disgrace some 
inodtrn works. 

The res|>oct that has always been paid to celebrated astronomers 
ini\«ry country where thoy have appeared, is a ver} convincing 
proof of tlic high esteem in which tniH science has always been 
held. 

The niicient kings of IVrsia, and the I'lmtors of Lgypt, lank 
among the gnatfst at the anouiit astronomers Tin Kings oi Lace- 
dimon kept astronomers in their councils, and Alexander the Cfreat 
had the 111 in his suit in all his military evpeditioiis ; and w< are mtormed 
Aristotle, that lie wonlel dei nothing cd moment without their 
advice. It is trues that the taste for predirtious was runioel toe» 
far bv till astroiioim rs of tlmsc elays ; but true asiitmomy piohlid 
vcr\ iiiiuh b]^ their laboiiis. 

Jt IS well known how much PtoU^my Philodolphiis flic Sce^ond, 
King of l'g>pt, ia\oured astreuioinj ; and we^ find that in his tuna 
tlie^re ilourishcd manv celebrated astronomers, among whom were 
llvppaic bus, Apollonius, Aratus, Bion, and Throe rittjs. 

Julius i'usar pKpJcd himse It ve»ry niueh on Ins know bulge ot 
astronomy ; and we s<>e b\ bis refoimatiori of the enbtidar, that he 
was well aeqiiaiiitcd with the siib|eet. 

We^ tind also that the l!mne*ror, ClHtiehtis Ca^sni, was well ac- 
epiainud with astronomy, foi W calenlaUel an eclipae W'hiedi was to 
happen on the* aiiniveraary oi his birth; ,aml fe^aiing that it would 
ociasion at Ituuie^ consternation, and perhaps tumult, h< published 
an advertisement, in whie*h he explained the causes of hueh a pile- 
nonit lion. 

Many other prine.es might be* mentioned who have cultivated 
astronomy; such as Adnan, Constantine, Chailemagnc, la?f>n tho 
Tiith, Ac ; but these will be noticed in treating oi the improve men to 
and discoTiries whie*h have taken place in thia mkim^c at various 
periods. 
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EXPLANATION OF ASTRONOMICAL TERMS. 


pREviovs to entoring upon a description of the motions and ap- 
pcarancos of the various bodies that arc to be seen on turning our 
eyes to the heavens, it may be necessary to give; a short t‘\planatioii 
of some of the terms which most frei|uent1y occur in Astronomy/ iti 
order that the reader may bo the better enabled to imdm stand what 
follows. 

1. A Sp/icrcy or Globe, is a solid body, perfectly round, or baling every 
part of its surface equally distant from a point within it, called its centre. 

2. This JMmncter of a Sphere is any straight line passing through the 
centre, nnfl limited on each side by the surface of the sphere. 

a. The Haditis of a Sphere, or Circle, is half the diameter. 

4. The Circumjhrtnce of a Sphere, or Circle, is the line which goes quite 
round it. 

5. A i;n'at Circle divides the surface of the sphere into two equni parts, 
or hoinispluTes. 

fl. A moli Circle divides the sphere into two unequal parts; the one 
greater, and the other less Uian a hemisphere. 

7. The lUttnc of a Cinde is the surface or superficcs contained within its 
circumference, as (he level or (lat surface which would appear on cutting 
a sphere through, at any circle drawn upon it. This surfac^i, extended or 
continued to anv distance beyond the circumference of the circle, would 
still be m the pfaiie of the circle. 

8. vSr. — All circles, wdiether great or small, are supposed to be 
divided into tWO equal parts, called degrees ; each degree into 60 equal 
parts, called minutes; and each minute into 60 equal parts, called 
seconds, Ac..t 

9. An Angle is the inclination of two lines which meet in a p<^ti|^and 
is always some part of a circle ; that is, contains a cortahi 

degrees, minutes, &c. ' 

10. A Right Angle is the fourth part of a circle, or 90% aUd is formed 
by making one line perpeudicular to another. 

n. An .^rtrtr Angle is less than a right angle; and an Obtuse one is 
greater. 


* The present work being of a popular aature, it is only uccessar) to explaitt 
here ^uch tenu:^ as occur in the following pages. 

t DegrtM> are always marked thus (^), minutes {*), and seconds ( 
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12. A Rectilineal Angie is an Angle which is formed by 8trai);ht Uiu*s ; 
and a Spherical Angle by curve lines. Most of the engles comiected with 
astronomy are spherirul angles. 

^ 13. The Egtimoctiat is a gr^at circle in the heavens, equidistant from hodi 
poles, and right over the equator of the earth. 

^ 14. The Ecliptic is that great circle in the heavens, in which the earth 
performs its annual revolution round the sun ; half of it being on ihc north 
side of tlie equinoctial, and the other on the south. 

16. The Obliguitp of the Ecliptic is the angle formed by the intersection 
of the ecfuinoctial and the ecliptic ; at present this angle is 2^ 27 W ; hut 
it is subject to a small change. Since it was Hrst observed it Inm been 
diminishing at the rjite of *.62 in a century. 

It), The llqvimmtial Vointt arc those two opposite points in the heavens, 
where the ecliptic and equinoctial cross each other. 

17. The Zi tuth is the highest point of a sphere, or thal point of tlie heavcMis 
directly over tlie head of the S|K^ctator. 

18. The Sfuiir is that point of the heavens directly opptisilc to the 
/onith. or iiiuicr the feet of tlie spectator. 

IP. The ZiHjiim' h a zone, or belt of a'iOiit 16 ‘ broad, which surrounds 
the heavens ; and in the middle of it is the Kcliptic, or orbit of the earth. 
Jt also includes the orbits of all the planets, except tliuse discovered since 
tin* year 18tK>. . 

20. The Prccetsum tf the Etfuinoxti is a change of the equinoctial 
points. These points are found to move backwards dOi seconds every ycfir, 
or one degree in 72 years; so that in about 26.ti2tt years, they return 
again to the same points in the lieaxcris, jKTforniiiig what is ( ailed the, 
grand Celestial Period. The retrograde motion of these points is caused 
by Uie action of tlu^ sun and moon upon the earth, in couseqiK.nce of its 
spheroidical figure.* 

21. MendUoih arc great circles in the heavens, perjiendicular to the 
equinoctial, and passing tlirough its pol(!S. 

" 22. The Jhfiim is that great circle which is equally distant fioin llu^ 

zenith and nadir, and which divides the visible from the iiivisihlo hemis- 
phere. This is called the liational Horizon, to ciihtiugiuKh it froiii the 
Sensible Horizon, Attmil circle which leruiiriide \ the view of the «p(*rlator, 
u hen placed at any point of the e.'irth's surface. 

23. rrr/ic«f Circles arc great circles which pass tlirough the zenith and . 
nadir, and cut the horizon at right angles. 

24. The AUitvde of a Cclcsthd Body is Its height abtivc the horiz»ui, 
reckoned on the vertical circle which passes tlirough it; and its mndutn 
altitude is the alUtude when it is on the meridian. 

The ParallaT of any c*4<’Stial object is the differenre ot its angular 
position as it ictJu/J k sceti from the centre of the eartii, and as it is seen from 
a point on the surface of the eartb.^ This is called the dinnuA paroUax, to 
distioguish it from tlie wnmd paraUnt^ which is tlie ditfereni'c l>(4w(;en the 
apparent places of an object in the heavens, when seen from tlie earth in 
ojiposite points of its orbit. 


* The motion of thei»c poinU) lutckward, makes the iixed i&tars appear to move 
forward ab equal quantity, their longtfiide and right asc'cnsicm being reckoned 
from one of those points, which is called the vemal equinojL • 
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26. The Orbit of a Planet or Comet is the path or tract in which it per- 
forins its revolution. The orbits of all the primary planets are elliptic^ or 
otial, with tJie sun situated in one of the foci, as at S. * 



When tlie planet is at P, it is then nearest the sun, and is said to be iii 
its PfrUtdum, In moving from P, its distance from the sim gradually iii- 
ereascs till it reaches the opposite point A, wlieti it is at its greatest distance 
from the sun, :uul is then said to be in its Aphelion, When it arrives at the 
points 11 and I), it is at its mean distance. 

Ttic straight line A P, which joins the perihelion and apheliaii, is called 
the line of the apsides, and sometimes tlie greater axis of the orbit; and 
the lin4‘ 11 D, which joins the points of mean distance, the lesser axis; the 
line 8 II or S II the planet's mean distance from the sun ; S C or F C the 
eccentricity of the orbit, or the distance of the sun from its centre ; S the 
lower Focus, or that in which the sun is placed; F the hightr Focus ; P the 
loowr Apsis ; and A the /og/irr Apsis. 

27. Although the Primary planets have all nearly the same common 
focus in which the sun is situated, yet they have not all the same degree of 
idlipticify. Most of them deviate but little from the circular form, and 
none of them so iinich as the above figure. They likewise lie in diifereut 
or planes, tiiuke angles with each otlier. 

28. If th(‘ Fxilipfk^ or earth's Orbit, be supposed to be a tliin solid piano 
extended in every direction, it would be called the plane of the ecliptic; 
mid if tile orbit of any other planet were extended in a similar manner, it 
would be called the plane of that planet's orbit. Now the orbits of all the 
planets lie in planes dificreut from that of the ecliptic ; and this difiereiice, 
or the angle which any orbit makes with the ecliptic, is called the inchmiiim 
of that orbit. t 

One half of each orbit is on the one siae of the ecliptic, and the other 
half on thi> otlicr side; consequently it must cross tlie ecliptic in two 


* If the two ends of a thread be tied together, and thrown loosely over two 
]>in8 stuck in a table, as S and F, and if the thread he moderately stretched 
by the point of a pen, or black-lead pencil, and carried round the pins by asi 
even motion, and slight pressure of the hand, an ellipsis or ovAl will be described ; 
and the points S and F, where the pins wore fixed, are called (he or foenses 
of the ellipsis. The figure described will be the more elliptical^ the tighter the 
thrcdd is to the pins in the foci. 

t The orbit of Mercury is inclined 7^ to the plane of the eeKptic; Venus 3° 23'; 
Mars I- 51 ; Jupiter r 111'; Saturn 2® 30'; Uftaui 0® dOJ'; Ceres 10® 37': 
ThIUis 34'' 5iV ; Juno 21® ; and Vesta 7® O'. The orbits of the first five of these, 
as well as that of I'ranus, or what are called the old plmets, are all included in 
the Zodiac; but the orbits of the last four, or , the new planets^ are without the 
Zodiac. * ^ , 
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opposite points. These points are C4alled the planet’s nodes. * These nodes 
are all in different parts of the ecliptic ; and therefore if the planetary 
tracts remained visible in the heavens, ^ey would in some measure re- 
semble the different ruts of wagj^-wheels on a road, after crossinj^ each 
other but never going far asunder. ' 

29. While the primary planets are performing their revolutions round 
the sun, and the secondaries round their primaries, they have all a motion 
from west to east, round an imaginary line passing tlirough tiieir centre, 
called their nri,s. In some of the planets tliis ax.is is nearly poqkoiidtcular to 
the plane of its orbit; and in otliers it is inclined to the piano of its orbit. 
On this depends tlie change of s6.isons iii the planet : for the smaller the 
angle which the axis of any planet makes with the plane of its orbit, the 
greater is the variety of its seasons. 

30. The extremities of the axis is called the poles; and tliat which 
points towards the northern part of the heavens is called tho north polr^ 
and the* other, pointing towards the southern part, is called tho mmJh poU\ 

31. As it is necessary to have some method by which the position of 
any colostui) body may be deteimiiied at any lime, or its distaiiro from 
some known point, ustronoiiicrs have fixed on the ecliptic for this purpose, 
as well as for reckoning from it, the inclination of the planetary »)rbits. 

The line of the equinoxes, or that line which joins the ecpiiiioctiai points, 
being aUays in the plane of the ecliptic, must mark out two points of that 
line traied among the fixed stars; and from one of these poinU astnmonuTS 
reckon distances on the ecliptic. This point is called the vernal equinox, 
liecausc the sun appears in it in the spring, about the 2Uth of March; 
its opposite is called the autumual equinox, because the sun arrives at it 
about the middle of autumn, or the 23d of September. 

32. The KcUptic is supposed to he divided into Iw'clre equal parts, called 
signs, each of which occupy a space of 39 degrees. 

3.‘L The hmftUude of all tho celestial bodies is reckoned eastward, on 
the ecliptic, from tire vernal equinox quite round the heavens, and conse.. 
queritly may amount to nearly 390 degrees. 

Thti LfUtitidtH of the celestial bodies is reckoned from the a hptu'^ north 
and south ; but dieir tUcUmlim is reckoned from the tquomtudy in u similar 
manner. 

34, The Ri^ht Ascension of tlie celestial bodif ; is reckoned on tbe cqui- 
iioc,tial, from the vcmi/ equinox, eastward, cpiite round the heavens. 

"*^*35. Instead of tho Vernal l^uiuox, nstroimmers sometiineii find it con- 
venient to count tiic distance of a pianel from its aphclim, (a.s from A, in 
(he foregoing figure.) This distance is called the true aiuunuly of th'? 
planet 

3fL An imaginary line, drawn from the sun to a planet, in any point of 
its orbit, ns 8 H, called tho radius vector^ or great radius. This line has 
the pro{)erty of describing equal areas of the orbit, in e<pial portions of 
tiiiK>.t 

*^37. The FJmgathn of a Planet is Its angular distance; from the aun, 
as seen firom the earth 


* The node^ where the orbit aa^ds above the ecliptic, U called the aibemling 
node ; and the other the deseeudtng node, 
t This was discovered by Kepler, and is called hi» second law^ ^ 
t By angular distance ir meant any distance in degrees, mlnitfes, &«. 
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38. The Oppontian of two colosfial bodies takes place when (bry are ia 
opposite points of the h(*aven.s, as viewed from the earth ; and tlieir CVm- 
runctimi w hen the\ appear in the same point. These points are also some- 
times t€;rrried the syzyjjies, esperiully when the bodies are the sun and 
moon; And wlien a planet is hi'lween the sun and the earth, at the time 
of coi\j unction, it is called its vttenor conjunction: hut when the sim is 
between tlie earth and the planet, it is called its sufHtior conjunction. 

30. Tlie (u'iH'tnh-H' Place of a Planet, means its place as seen from the 
eardi, and its Ihlioa'ntui' place as seen fiotii the snii. 

do. The Ihnd Motion ofa Plaint is its motion in the order of the 
as from Aries to Taurus, &.c. ; when it ni(>\es in a contrary dir€*c!ion, if is 
said to have a trtro»r(t(Ir motion. 

41. Tiio OivW/a/nia of a Star or Planet is its obsciirutiori by the moon, 
or other jdanet, cniiiint;' between it and the earth. 

42. Uy the Sidennl j<e\olution of a Planet is meant the tune it rcipiires 
to move from any fixed star to the same a<j^ain. 

43. The i)«c of the Sun, or a Planet, is its face, wliich appi'ars flat on 
account of its iminense distance.’*' 

44. AUr^ntinn is an apparent motion or cbaiii^e of place in the heavenly 
l)odies, occasioned by tlie proj 2 :ressivc motion of lifi;hf, cotrihiiicd with the 
earth’s niuiual motion in ils orbit. 

45. jVidn/ioa, or Deviation, is a small inequality which has been ob- 
served in the pre<*essioii of tlie equinoxes, wfiich makes the fixed stars 
apptmr to elian);e their j)o.sifiojis about 9'^ of a dep’ee. 

4(5. I'lwdinn is an ineqiiaiify in (he motion of the moon, by which at or 
tear the tinu‘ of her first and tliird quarter she is not in the line drawn 
hrough tlie ct'iitres of the earth and sun, ns she is at tlie time of new and 
full moon. Tills inequality »ometiine.s amounts to 51 . 

47. ’Nthulif are clusters of small stars, which have been ebiefjy diseo- 
verod by the telescope. They have received thi.H nppeliatioii from lludr 
cloudy appearance. 

Macula arc dark spots wdiich are frcquentlj' seen upon the disc of the 

Mill. 

4H. Vaatla are certain brij;ht spots frequently seen on the disc of the sun. 

49. Ccntnjiifal IWa’ is (hat force by w hich a rev-olvint; body endeavours 
to recede or ily oil’ from the orbit or path in which it revolves. 

5(h CaUnjH'tal Farce is that force Uy which a body is drawn toward.s the 
centre of the path or orbit it describes, and prevents it fniiii flying; off. 

51. Penumbra, a faint shadow which borders the dark shade produced by 
an eclipse. 

52. Digit, the twtdfth part of the sun or moon's diameter. 

* When any planet appears on the face of the sun, it is said to transite his 
disc. 
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<JHNKUAL Al'PF.ARANCE OF TIIK liFAVKKS TO 
Tni5 NAKED EYE. 

U(‘, lho‘ (iHirn Henv’ri remote, to Ileav’ii will move 
M III) atiengili of iiiiml, ami tread the ahys^ abose 
And peni'tiale, vMth an hiteriur light, 

Those upper depllw, which luture hid from sight. 

IMeaa’d we will he to walk along the 
(if shilling stars, and travel with the year. 

To leave this licavy ciinh, and scale the height 
t)f Alhi.s who supports the heiiv'nly weight *. 

To look from upper light, and thence survey 
Mistaken rnortais wdiul'ring iVotn the way. 

Octd'x Melamotphosis^ Bonk if> 





The fir.'ti ami most obvious phenomenon of the heaven* i* U,e 
daily rising of the Siiu in (he east, and his setting in the west; after 
which the moon and stars appear still keeping the same w'c»teriy 
course, till we Ittse sight of them altogether. By attendipg to Uiesc 
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appearances, it must soon br perceived that neither the sun nor the 
moon rises or sets in the same place. If we begin to observe the son 
about the middle of March, he will appear to rise every day sensibly 
more to the northward than he did the day before, to continue longer 
above the horizon, and to be more elevated at mid-day. This con- 
tinues to be the case till the 20tli of June, when be begins to move 
backward in the same manner; and this retrograde motion continues 
till tlu* 224 of December, when he begins again to move forward, 
and so on.* 

The motion of the Moon through the heavens, and her appearance 
at difl'erent limes, arc still more remarkable. VVhen the moon first 
becomes visible to us, she is called new moon, and appears in the 
western part of the heavens, at no great distance from the sun. 
Every night she increases in size, but removes to a greater distance 
from the sun, till at last she appears in the eastivm part of the hea- 
vens, Just at the time he disappe^ars in the western. 

The western snn vritlidraws : meminhile the moon, 

VuU orh’d, and breaking thro’ the scatter'd clouds, 
tibews her broad vituige in the critnaun’d east. 

Thomson. 

After this, she gradually moves farther to the eastward, and, there- 
fore, rises every night later than the preceding night; till at last .nIu: 
seems to approac h the suii as nearly in the east as she did in tlie 
west, and rises only a little before him in tlie morning, as in the fir.st 
port of her course she set in the tvest not long after him. 

All these appearances take place in the space of a iiionlh ; after 
which they begin again in the same order as l>efore. They are not, 
how'ever, at all times regular ; for at some seasons of the year the 
moon appears to difier little in the time of her rming for several night.s 
together, and at others the difference is very considerable. But this 
will be more fully stated, and the cause explained, when describing 
what is called tlu* harvest mom. 

In coutempliitiiig the stars in a clear night, they all appear at the 
same distance from us, and therefore seem to bii situated in the con* 
cave surface of a sphere, having the eye for its centre. But when 
we view them for a considerable time, we find that they change their 
positions relatively to the ohji^cts on the earth, although they still 
retain their |X)sitions relativeiy to one another, and that they all seem 
to make progress towards the west, where some of them disap(N&«r 
under the horizon, while others again appear to come above that 
circle in the east. It will also soon be observed, that many of the 
stars never go below the horizon at all, but seem to' tnm ipound an 
immoveable point, near which is placed a single star, called the Pole 
Star, t 'rhis point is more or less elevated aceordftng to the different 
parts of the earth from which it is viewedt The Inhabitanta of Lap- 


* Thi» IS only the case in the northern bemtspJuMre, Which is Che one here 
niluded to. 

t For an >.'icplanation of .Astronomical terms, see page 
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land, for example, sge it more elevated above their horizon than the 
inhabitants of Great Britain; they «ee it more elevated than the in* 
habitants of Spain and Italy ; and they see it still more elevated thi n 
the inhabitants of the West India Islands. By continually proceed- 
ing southward, this star will seem depressed to the horizon, and at lust 
lost sight of altogether ; but another point will appear directly oppo- 
site to it, round which the stars in the southern hemisphere will ap- 
pear to turn. There is, however, no star so near this point as in tne 
northern hemisphere ; iieiilicr are the stars so numerous in the southern 
as in the northern half of the heavens. 

Th<‘ leiicral appearance of the heavens is, therefore, that of a vast 
ciu.vnive sphere, turning round two fixed points once in tweiity-foe- 
lioitrs. 

These are Th; glorious works. Parent of Good 1 
Almighty ! Thine this universal frame, 

Thus wondrous fair ! Thyself how \vt>ndrotts then ! 

Unspeakable f who sit'sl above the heavens, 

To us invisible, or dimly seen 

In thes4* Thy Imvest works; yet these declare 

Thy goodut^ss beyond thought, and power divine ! 

Miltoiii. 


OF rriE BODIES WHICH COMPOSE THE SOLAR 
SYSTEM. 

TIIK SUN. 

Hail, amiable vision ! every eye 

Looks up and loves thee! every tongue prcK'Jainis 

"I'is pleasant to behold thee . 

FAWtr-TT, 


O Sun ! 

Soul of surrounding words ! in whom l)eiiit seon 
Shines out thy Makc^r ! 

'Tis by thy secret, strong, attractive forre, 

As witli a chain indissoluble bounds 
Thj system rolls entire. 

Inmrmer of the planetary train ! 

Without whose ^uick*iiiiig glance their cumbrous ortH 
Were brute unlovely mass, ioeit and dead. 

And nut, as now, the green ahMes of life ! 

Thomson. 

Of all the celestial Ixidies, the* Son is eertainJy the most wonderful. 
It Is tlie fountain of liflit which illuminates the woild ; it is the cause 
of that heat which maintains the productive power ot nature, and 
makes the earth a fit habitation for man ; it is the central body of the 
planetary system^ and is so far aupeiior in lustre to all other celestial 
bodies, that they disappear in its pretence. 

No stars besides their radfonce can display 
tn PtiORlnis' presence, tfasdrend lord of day ; 

Ev'n Cynthia's self, tho* regent of the night, 

Is quite obsctti'd by his esse^ent light. ^ 
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Thf Run is the !arj>e»t body ycjt known in the universe ; its diameter 
beiiij!^ HUT, 09*3 Enm:lish miles/its circumference 2,B00,0«)O, and its 
bulk about 1 .400,000 times that of the earth. I'he quantity of matter 
compariid with that(»f tlie earth ims also been stated by La J^lace to 
be B37,422 times that of the earth. 

I'he ancients 1)elieved Uiat the sun, and all the other celestial bo- 
dies, moved round the earth as their common centre ; but since the 
days of Copernicus, this supposition has been daily losing ground, 
and has now completely given way to the more rational and well 
established theory, taught by all the astronomers of the present day ; 
namely, that the sun is the centre of the orbits of all those bodies 
which compose the solar system. 

Hither as to their fountain other stars 
jRepHiriripr, in their golden urns draw light. 

And hence the morning planet gilds her horns. 

By his magnetic lieam ho gently warms 
universe, Mud to each inward part, 

With gontio penetration, though unseen, 

Shoots genial virtue even to the deep. 

Milton. 

It has, however, been diHCOvered that the sun has a motion on its 
axis, which is completed in about 26 days 10 hours, as appears from 
the maculae, or spots, which have been discovered on his disc by 
men HR of the telescope. 

Besides this motion round his axis, the sun has a .small motion 
round the cenl.e of gravity of the system ; but if he has any motion 
in the immensity of space, it must l>e exceedingly small, as it has 
never yet t»eeu discovered. As for the apparent annual motion of 
this grt at hiniinary round the earth, it can easily be shown, that the 
real aiiiiiial motion of the earth round the sun is quite sufficient to 
cause such an appearance. 


NATURE OF THE SUN, O 

For many ages the suu was believed to be a globe of fire ; but the 
majority of modern astronomers have rejected tliis opinion, and se- 
veral of them have published very ingenious hypotheses on this cu- 
rious siil^ject. One of the most plausible ami ingenious theories on 
this ^subject is given by Dr. llerschel in the Philosophical Transac- 
tions of the Boyul Society, llesuppbses this sun has an atmosphere 
resembling that of the earth, and that (his atmosphere consists of va- 
rious ehustic Auids, some of which exhibit a shining bcilUaticy, while 
others are merely transparent. Whenever the lundncHis fluid is re- 
moved, the body of the sun may be seen thfoagh those that are 
trans{>arent. In like manner, an observer placed in the mom will 
see tlic solid body of the earth only in those places where the transpa- 
rent fluids i>f our atmosphere will ^rmit him. in others, the opaque 
va^urs w ill reflect ilie sun’s ligj^t. wittmut pm*mitting his solid body 
to be seen on the surface of our^lobe* 
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In the same niarinet* the Doctor illustrates tlic various ap|uiurat\ces 
of spots ill the sun, some of which have the following forms : - 






Such appearances, he thinks, may he easily and satisfactorily eit- 
plained, if it be ulloued that the real solid body of the sun itself is 
seen on those occasions, though we seldom see more than its bhiuing 
atmosphere. He approlioiids that there are considerable inequalities 
in the surface of the sun, and that ihcTe may be elevations, not leas 
than 600 or 000 miles in height; that a very high country, or chain 
of mountains, may oftenuT become visible by the rcinoval of the ob- 
structing fluid than the lower regions, on ac^count (»f its not being so 
deeply covered by it. In the yi^ar 1770, the Doctor observed a spot 
on the sun large eiiongli to be discerned by the naked eye ; for it 
extended more tlian 60.000 miles. The following are sections oT 
tljese, with their variuns tonnatioiis of nuclei and umtn'ae: 


it;/: SM-A 

L. 


'M 


rle also says, that he observed a hno large spot iii 1700, which he fol- 
lowed up to the edge of the sun’s limb; that he plainly peicei\ed it to 
be depressed below the surface of the suu, and that it had viiry broad 
shelving sides. I'his appearance, he says, may be e\[daiiied by a 
gentle and gradual removal of the shining fl^nd which permits us to 
see the globe of the sun. The Doctor also says, that on the 20th of 
August, 1702. he esamtned the sun with several powers, from 00 to 
500, and that it evidently appeared that the black spots were the 
opaque ground, or body of the sun ; and that the luminous part was 
an atmosphere, w'hich, being interrupted, or broken, gave a transient 
glimpse of the sun himself. He farther adds, that with his seven 
feet reflector, which was in excellent per^xtion, he could see the 
spots, as on former occasions, with the same telescope, much de- 
pressed below the surface of the luminous part. On the 8th of Sep- 
tember, 1792, he made a small speculum, which he brought to a per- 
fect figure on hones, without polish; this had the cfl'ect of stifling a 
great part of the sun’s rays; and on this account the object speculum 
admitted M greater aperture, which enabled him to sec with more 
comfort and less danger. He then discovered that the surface of 
the sun was unequal, many parts of it being elevated, and others de- 
pressed : but this inequality was in the shining surface only ; for he 
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thinks the roal b(><]y of the sun can seldom be seen othciwise than in 
its blaik spots, which resemble the followin'^: - 



As iujht is a Ir.msparent fluid, it may n(»t be impossible that 
the sun's rijil surface may be now and then perceived; as the 
shii}»e of llu‘ >\ick of a candle, may sometimes be seen throu(*h its 
fliiiiK', or the c mtents of a furnace in the midst of the brightest glare 
of It. Hut (liH the Doctor flunks can only happen where the luminous 
matter of the sun is not very necuniiilated. 

Jtoih these appeatances Dr. JJ. draws the following conclusions : 
that the suu has a very extensive atmosphere, which consists of va- 
rious eiaslio fluids, that are more or less lucid and transparent, and 
that the luci<l 4)iu* is (hat wliieh furnishes us \\ith Iiiiht ; tliat the ge- 
neration of this lucid tliiid on tlie solar almospheie is a pheiiomciioii 
similar to tiif‘ generation of clou(K in our atmospluTO, which are pro- 
diUM'd by the decomposition of its coiistitiieul el.i<tu‘ fluids; but with 
this diflereiic(‘, tlmt the oontimial and %ery extensive decoriiposirions 
of the olastie fluids ufthe sun arc of a phosphoric nature,, and alteiidcd 
with lucid ajipearancos, by giving out bghi To I lit objeetion that 
such decompositions, and consecpient tunissioMs of light, would ex- 
haust the sun, Or. 11. replu's, that, in the docompo^ituui of phos- 
phoric fluids, every other iumedit nt except light may nuuin to tlie 
body of the sun ; and, besides, the exetediug sublilty of light is such, 
that, in ages of time, its emanation I’nmi th<‘ sun cannot very seiisihly 
lessen the size of so gieat a bj>dy. 

Tioni the atmosplieie, the Doctor next proceeds to state that the 
body of the sun is opat]ue, of great solidity, and its surface diversified 
with mountains and valleys ; (hat tlie stin is nothing else but a large, 
eminent, lucid planet, evidently the first, or, strictiy speaking, the 
only primary one of our system, all others being truly secondary to it. 
Its similaiity to the other globes of the solar system, wiUi reuard to 
its solidity, its atmospheie, and its diversified surface, the rotation on 
its axis, and the fall of heavy bodies, lead to the supposition that it is 
inhabited, like the rest of the planets, by beings, whose orgams are 
adapted to the peculiar circumstances of that vast globe. Should it 
be objected that the heat of the sun renders it unfit for a habitable 
world. Dr. JI. answers, that heat is produced by the sun's rays only 
when they acton a caloiific medium, and that they are the cause of 
the production of heat by uniting with the matter of fire which is con- 
tained in the substances that are heated. Hie Doctor also suggests 
other considerations intended to invalidate the objection ; but these 
are too abstruse end extended to be given in this work. 4 

After the Doctor thinks he has shown that the heat^ of the sun is 
not so great as to prevent itifrom being inhabited, ho then deduces 



OF THE SUN. 


ID 


from analogy a variety of arguments to confirm the notion of the sun 
being a habitable body ; and then infers, that, if the sun be capable 
of accomrooduting inhabitants, the other stars, which are suns, nmy 
Im? appropriate<! to the same use; and thus, says he, wc see at once 
what an extensive field for aiiiniation thus opens to our view. 

The late Dr. Wilson, Professor of Astronomy, Glasgow, sup- 
poses the spots of the sun are depressions, or excavations, ratlier 
than elevations, and that llio dark nucleus of each spot is the opurpie 
body of the sun seen tlirotigli an opening in the lununous almospbere 
with which be is suriouiided. 

To this opinion of Dr. Wilson’s, several celebrated astronomers 
have started objections; among oUuts, M. Lalaiide, a rreiich astro- 
nomer, contends that the spots arc appearances arising from dark 
bodies like rocks, which, by an alternate fiiix and rethixofthe liquid 
igneous matter of the suti, soiiietitues raise their h(‘iids above the ge- 
neral surface. That part of the opaque rock which at any time thus 
stainls above, ijives the appearance of the nucleus, while those purts 
that lie only a little under the igneous rnattor appear to us us the 
nmhrn which siirroiimls the dark fniclen.s. 

UeKjnjrliiwj .he luiiure of fire, and the heating power of the sun’s 
ra>s, {diihisoplu r^ have lx en much divided in their opinions; hut 
ihesf' opinions are b<»lh t<u> iniim rous and too vague (o be noticed 
ill a work like the pri sent, in oii< pnrticulai thi^yall agr<c, iiiiriiely, 
that the sun is eitln r c<iiri[iose<! ol.or surrounded by, some siibstauct* 
that has a. viay powerful elVeet in heatmtf or rai-iug the temperature 
of IkmIk'S exposed (o tin rays uhi<‘li proceed from it. 

Wany experiments have luen luadi both in this coiiiitiy and on 
the contiiiejit, to deli roiine tlx' intensity of tliose lay.s wlien eoueen- 
traU'd in the focus of a lens, i>r by ndler ling luirrois. AiiMnig the 
rmjst, powerful of these may be meiitioiied the mirror t oiistructed by 
M, \ dietti-, a French ariist at l.ycms, and j)uldicly exhibitei) in 
r.nglaiid. 'I’liis mirror was 17 inclu s in diarnet* r, uinl its ha ul dis- 
tance b'ft inehes. From the experiiiicntH of Mr. 1 1 an is and Dr. D<s- 
atniliers, it afipears that it melted a »ilvt>r slxjienct* in 7,J sccamds ; a 
fo?,si! shell as calcined in 7 .seconds ; a eoppt r halfpenny rnrlled 
m ‘if) seconds; iron ore melted in 24 seconds; a gnat fish’s tooth 
melted in 32| seconds; tin nieltod in 3 seconds; and boiio wa.s cal- 
cinid in 4 seconds. 

Sir !. Newton presented a Imriiiug glass to the. Uoyal Society, 
consisting of 7 cuncavr* glasses, so placed that the focus of each 
united in one |>oiat. This glass vitrifies brick or tilt; in I second, 
and melts gold in 30 seconds. So pow^crfid arc the snnV rays when 
condensed, that it is said ArcUtmedes set fire to the Koiiuin fieot, at 
the* siege of Syracuse, by a combination of burning ghesses; and 
HiifTon, in the year 1747, coiisiructod a reflecling mirror of 
plane glasses, moveable on hinges, with which he set wood on fire 
at the distance of A50 feet, and melted lead at 145 feet. 

llic time which the light of the sun takes to arrive at the earth is 
nt/kt minuies and thirteen seconds; but this will be more fully treated 
of in another part of this work. 
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OF THE PLANETS. 

The Sun revolving;; on his axia turns. 

And with creative fire intensely burns ; 

First Mercury completes his transient year, 

Glowing, rofuij^ent, with reflected glare ; 

Bright Venus occupies a wider way, 

'rhe early harbinger of night and day ; 

Mure distant still our globe terraqueous turns, 

Nor chills intense, nor fiercely heated burns; 

Around she rolls l^e lunar orb of light, 

Trailing her silver glories through the night. 

Beyond our globe the sanguine Mars displays 
A strong reflection of primeval rays; 

Next betted Jupiter far distant gleams, 

Scarcely enlightened with the solar beams ; 

With four unfix'd receptacles of light. 

He towers majestic thro* tJie spacious height : 

But farther yet the tardy Saturn lags, 

And six attendant luminaries drags ; 

Investing with a double ring his pace, 

He circles thro’ immensity of space. 

Chatterton. 

Beside tho Earth and Moon, ten of the stars have motions eastward 
peculiar to theuiselvt's. Those are called Planets, and are djstin> 
guishod by particular names: which, taken in the order of their 
proximity to the sun, or of the celerity of tlieir motions round that 
body, are, Mercury, Venus, Mars, Juno, Vesta, Ceres, Pallas, Ju- 
piter, Saturn, and Cranus,t or Herschel. The first two of these per- 
form their revolution round the sun in less than a year ; and as their 
orbits are included in that of the earth, they are called in/mor planets. 

The rest require a longer period than a year to complete their 
revolutions round the sun; and as their orbits include that of the 
earth's, they are called mperior planets. 

Five of the planets; viz. Mercury, Venus, Mars, Jupiter, and 
Saturn, are very conspicuous, and have been known Irom the ear^ 
lies! ages. The other five are visible only through the telescope, 
and have been very lately discovered: Uranus, by l)r. Herschel, 
ill 17B1 ; Ceres, by Piazxi, in IBOl; Pallas, by Olbers, in 1802; 
Juno, by Harding, in 1803; Vesta, by Olbers, in 1807. 

The planets have also particular characters, by which they are 
distinguished ; these, in the order in wdiich they have been enumer- 
ated, are 9 ? ? V 

The planets distinguished by these characters arc termed primary 
planets, because they perform revoluticns round the sun in their 
respective periodic times; but besides these there are a number of 
other small planets, that circulate iround several of the primary ones, 
and on that account are called secondary planets, or satellites. 


* From a Greek word signi^ing to wander, because these bodies are conti- 
nually changing their places. 

j Those pUnets that are nearest the sun move quickest in their orbits. 
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The moon is therefore considered as a secondary^ or satellite, be- 
cause it performs its revolutions round the mrth. The number of 
secondary planets at present known is 18. 

Of these, one circulates round the earth; four round Jupiter; 
seven round Saturn ; and six round Uranus. 

With what an awful world-revolving power, 

Here first the unwieldy planets launched along 
The illimitable void 1 l^ere to n^main 
Amid the flux of Dian]f thousand yean, 

That oft have swept the toiling race of men 
And all their laboured monuments away. 

Finn, unremitting, matchless in their course, 

To the kind-tempered change of night and day 
And of the seasons ever stealing round 
Minutely faithful : such the All-perft'Ct hand 
That poised, impels, and rules the whole. 


OF MERCURY. $ 

Mercurins nearest to the central sun 
Does in an oval orbit circling run ; 

But rarely is the object of our sight, 

In solar glory sunk, and more prevailing light. 

BlACKMOftE, 

Mercury is the nearest planet to the sun, and performs his revo- 
lution round that liiiniiiary in the shortest period of all the planets, 
llic time he takes to perform this revolution is 87^ 23b \4! 82*7"/ 
which is the length of bis year. The length of his day, or the time 
he takes to iierform a revolution round bis axis, is not known ; for, 
by reason of his proximity to (he snn, few observations can he made 
upon him. The German astronomer, Shroeter, is howercr of opinion, 
from some observations that he made on thii:!, planet, that tlie length 
of his day is 24 hours 6 minutes ; he also conceives that there is a 
mountain on the surface of Mercury not less than 10| miles in 
height, but this has not yet been correctly ascertained. He is so 
near the sun, that he can seldom be seen; and when he does make 
his appearance, his motion is so rapid towards the sun that he can 
only be discerned for a very short time. When he can bo seen, it 
is a little before the sun rises in the morning, and a little after he is 
set in the evening. liis distance from the sun is 36,866,373 English 
miles, and his diameter is 3,241 miles, which makes him about 
part of the size of the earth. The rate at which he moves in nis 
orbit is not known. His situation with regard lo the sun is^ such, 
that water would be kept continually boiling on that part of his sur- 
face which is opposite to the sun. The light and heat be receives 


* The time which any planet takes to perform its revolution mtiiid l£o stta, is 
railed the length of it» year; and the time which it token fp revotfC rooml its 
axii;, the length of lU day. 
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from the sun aie seven times g;reater than the earth, and the sun 
appears seven times as larjye to him as to the earth. 

This planet appears to us with all the various phases of the moon, 
when viewed at difl’erent times with a good telescope ; but he never 
app(;ars quite full, because his enlightened side is never turned 
directly towards the earth, except when he is so near the sun as to 
ue lost to our sight in his beams. Ilis enlightened side being thus 
always turned towards the sun, proves that he shines not by any 
light of his own; for if he did, he would always appear round, and 
fully erili<rhtened. it is also plain he moves in an urhit within that 
of tli<! earth’s, hecuusc he is never seen opposite to the sun, nor 
above 5fi times the sun’s breadth from him, his greatest Elongation 
being almut 

Mercury is the smallest of all tlie primary planets, and moves the 
quickest in his orbit. Hence it was that the Ci reeks gave this planet 
its name after the nimble messenger of the gods, and lepresonted it 
by the tigure of a youth with wings at his lu^ad aud teet ; whence is 
derived 9 , the character by which it is commonly represented. 

The inclination of the orbit of Mercury to the plane of the ecliptic 
is thfi greatest of all the planets, being T^; and it is also far more 
eccentric than that of any of the other planets, ladng not less than 
■Jth of his mean distance from the sun. The best observations which 
can be made on this planet arc, when it is seen on the sun’s disc, 
called its trannt; for in its inferior conjunction, or when it is between 
the earth and the sun, it sometimes ajipeurs to cross thc^ sun like a 
little dark spot, eclipsing a small part of the sun’s body, which is 
only visiblewith a telescope. The first observation of this kind was 
made by (iassendi, a French astronomer, in MovembcT 1031. Seven 
transits* of this planet have been observed since that time. The 
next one that will take place will be in May 1832, but it will not be 
visildo in Great Britain. 

It has been very justly observed by the celebrated Huygens, that 
the astronomy of those wiio live in Mercury may be easily under- 
stood by the Copernican system; and that the planets, Venus and 
the earth, at the time of their opposition, must appear very bright 
and largo to the inhabitants of Mercury. For if Venus shines so 
splendidly to us when she is new aud horned, she must appear six 
or seven times larger to tlie inhabitants of Mercury when she is in 
opposition to the sun, and afibrd them so strong a light, that they 
can have no reason to complain of the want of a moon. 

Whether they have any difference of seasons is quite uncertain, 
because it is not known whether the axis of this planet has any in- 
clination to its orbit, or what is the time of its dhirnal revolution. 
But as Mars, the Earth, Jupiter, and Saturn, eertahil^ have such 
successions, there can be no doubt that days and nights, and a 
vicissitude of se^ons, are experienced in Mercury in some degresi 
as well as in the' 'filler planets. 
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OF VENUS. § 

Next Venus, to the westward of the Sun, 

Full orbed her face,. a golden plain of liglit 
Circles her larger round. Fair morning star, 

That leads on dawning day to yonder world, 

The seat of man. 

— Fair Venus shines 

Even in the eye of day ; with sweetest beam 
Propitious shin<‘s, and shakes a trembling ilooil 
Of softened radiance from her dewy locks. 

JUunAULD. 

Venn*? is the next planet in oidor, after Merciiry, and tlie most 
brilliant of all the ])lanets, Jupiter not excepted. She is represented 
by the character which is supposed to he a mile representation of a 
female figure, with a trailing or fiowiiig robe. It is the only planet 
mentioned in the sacred writiiiirs, or by the most uncieni poets, such 
as Hesiod and llomcr. Venus never receiles far from the. sirii, her 
greatest Klongation being about 47*" ; w'hich proves that ber orbit 
iiieludes that of Mercury, but is included by that of the earth. 
When Venus is to the west of the sun, she is to be seen before tlie 
sun rises, and is then called the worniag star; hut when she is to the 
east of the sun, sh<- is to be seen after he is set, and is then called 
the evevintj star. ^Vhen in the former of these situations, she wa.s 
called by the Hreeks Phosphorus, and in the latter Hesperus, The 
I vening and morning stars were at fir.st supposed to be difibrent; and 
it is said tlint Pytliagoras was the first person who discovered that 
they were the same. 

Now came still evening on ; and twilight grry 
Had in her sober livery all things clad; 

Silence was pleas’ib: now glow'd the ririnaineiit 
At itli livid uapphirefl : Heaperua, that led 
The .starry hobl, rotle bTiffhtest; till the moon 
Iti.sing in clouded majeaty, at lepgth, 

Apparent queen, uiiveird her pecrle'-s light, 

And o'er the dark her silver mantle 6irew. 

Mii.ton. 

Venus is computed to be 6B,o1 8,044 miles distant from the sun; 
she moves at the rat€> of 70,000 miles per hour ; and completes her 
siderial revolution round the sun in 224 days, 16 hours, 40 minutes, 
10 seconds. 

The time she takes to revolve round her axis, or the length of her 
day, is by some astronomers stated at 23h 2i', and by others at 
244 Bh. V^enus is ihuch about the size of our earth, her diameter 
being 7687 English miles. When examined by a good telescope, 
she exhibits Ute same phases as Mercury and the moon ; and h^ 
surface is occasionally Variegated by darkish spots. Tbese iipots 
were employed by Cassini and Bianchini in determining the rdvolu* 
don of Venus about her axis. 

When Venus is an evening star, and at her greatest dil^ce from 
tlio sun, or nt what is termed her greatest emtem eUmfeOfkdt she 
pears, when vit^cd with a telescope, to have a semiciH^lar dmc, 
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lika tile moon in tiie last quarter, with its convexity turned to the 
west. From that time, during her approach to the sun, her splendour 
increases for a while, though the quantity of the illuminated disc 
diminishes like the moon in the wane ; but her diameter, when mea- 
sured by the distance of the boms, is found to be increased. 

At the time of her greatest elongation, Venus appears to be sta- 
tionary, with respect to tlie sun, for some time. After this, her mo- 
tion eastward becomes slower than the sun’s, and then she ap- 
proaches nearer to the sun, as just remarked. At a certain point she 
becomes stationary with respect to the fixed stars, and then her mo- 
tion becomes retrograde, or appears to be directed westward, with 
respect to the fixed stars. At last she approaches the sun, so as to 
be lost in his light; but after some time, she is to be seen to the west 
of the sun, and appears in the morning before he rises. As she pro- 
ceeds to the westward, her illuminated disc is seen as a crescent 
continually increasing, at tlie same time that her diameter is dimi- 
nishing. When she has got 45^ to the west of the sun, her disc is a 
semicircle ; and as she again approaches the sun, it increases till she 
is lost in the sun’s rays ; her orb being almost a circle, but its dia- 
meter not more than one-sixth of what it was at the former conjunc- 
tion. The conjunction, which takes place after the western elonga- 
tion of Venus, is called the superior conjunction, as she is then far- 
tliest from the earth ; and that which follows the eastern elongation 
is called tiie inferior conjunction^ as she is then nearest tiie earth. 
At the former of these periods, Venus is the breadth of her orbit far- 
ther from the earth than at the latter ; for at the time of the superior 
conjunction, she is on the opposite side of the sun to what the earth 
is ; but at the time of the inferior conjunction, Venus and the earth 
are both on the same side of the sun. Tliis planet appears to keep 
on the same side of the sun for 290 dtiys together, although this is a 
longer period than she takes to perform a complete revolution round 
that luminary. This may appear strange to those who are but little 
acquainted with astronomy ; hut when it is considered that the earth 
is all the while going round the sun the same way, though not so 
^uick as Venus, the difficulty vanishes ; because she must continue 
to appear on the same side with the earth, till the excess of her daily 
motion above that of the earth’s amounts to 179°, or nearly to half a 
circle ; which, at the rate of 37 minutes per day, will be in about 290 
days, as stated above. 

After the superiur conjunction, the orb of Venus increases in mag- 
nitude as she approaches her greater eastern elongation, but the en- 
lightened part diminishes, just reversing the order of what has already 
been stated to take place from the inferior conjunction toher greatttst 
western elongation ; the period w^hich includes all those changes, 
or the time which elapses between any coivionction, and the next of 
the same sort, is 504 days. This is called the Synodical Revolution 
of Venus, during 12 days of which she is reirogradct with respect to 
the fixed Ma s. To us Venus appears brightest when her elongation 
iV alnnit 40 ^ which happens about 70 days hoUi before and after her 
infei'ior co/ijnnetion. 
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rtie different phases, or appearances of Venus, described above, 
.vere first discovered by the astronomer Galileo in 101 1 . which fnU 
filled the predictions of Copernicus ; who foretold, before the disco- 
very of the telescope, that the phases of the inferior planets would be 
one day discovered to be similar to those of the moon. The accom- 
plishment of this prediction affords some of the strongest and most 
convincing proofs of the truth of the Copernican system of tlie world 
that can be obtained. 

It was long doubted whether Venus be surrounded by an atmos- 
phere or not ; but this question has been completely settled by the 
very nice and accurate observations of the German astronomer 
Shroeter, who has ascertained the existence of a pale faint light ex- 
tending along the line of the dark hemisphere of this planet, which 
he supposes to be a kind of twilight occasioned by the sun illumi- 
natiiig its atmosphere. From this circumstance, Shrocter has been 
(Mval)lcd to determine the density of this atmosphere, and that it ex- 
tends to a very great height, which must necessarily prevent the sun 
from overpowering the inhabitants with his heat and splendour, 
which is more than double what it is on the earth. 

Dr. Uerschel, after a long series of observations on this planet, 
says, that it is highly probable that its surface is diversified by hills 
and valleys, although he has never been able to see much of them, 
owing, perhaps, to the great density of its atmosphere; and, ho adds, 
tlmt no eye which is not considerably bettor than his, or assisted by 
much better instruments, will ever get a sight of thorn. 

Some astronomers have imagined that they perceivo<l a satellite 
near Venus; but this has since been proved to be an illusion; for, 
in her transit over the suri^s disc, she appeared unaccompanied by 
any satellite. Mr. Ferguson, however, thinks that Venus may have 
a satellite rovolving round her, though it has not been discovered; 
and adds, ** that this will not appear ver^ surprising, if we consider 
how inconveniently we arc placed for seeing it.” 

Venus, as well as Mercury, is sonietiiOi^s seen like a dark spot 
on passing over the body of the sun. This phenomenon, as already 
stated, is called a transit; but such an appearance can only happen 
at the time of an inferior conjunction, and when that conjunction 
takes place at the time Venus is in that part of her orbit which 
crosses the earth's orbit.* Transits of Venus but seldom happen. 
The first that ever was observed was seen by our countryman, Mr. 
llorroxi in 1039; two others have taken place since: vh. in 1701, 
and the other in 1709 ; but there will not be another till 1074. 

When a transit of Venus is observed, it not only proves that she 
is an opaque body, and that her orbit is included by the earth V, but it 
is of admirable use in determitiifig what is called the suo’s parallai, 
which is of so much use in practical astronomy. See page 9th of this 
work, Art. 25. 


orbit, 


• The two points whfre the orbit of a planet uosses the ecllptk^ or earth's 

bit, is called its nodes. ^ 
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Mure distant still our Earth comes rolling on, 

And forms a wider circle round tlie smi; 

M'^ith her the moon, companion ever dear; 

Her course attcuding through the shining year. 

Barer. 

The oartli performs its revolutioa round the Sun in an orbit be- 
tween Unit of Venus and Mars, at the distance of 95,173,000, in 
305 days, 5 hours, 43 luiiiuU^s, 49 seconds, which is called the solar 
or tropicul year, in performing its annual circuit, the Earth travels 
at the rale of Oil, 000 miles every hour, which is 140 limes faster than 
that of a cannon ball. The diameter of the* Earth is ,7,912 English 
miles, and its circumference 24,855*42 milos.’^ 

The Earth is usually represented by the character in works 
which treat of Astronijmy. 

In the early ages of the world, many fanciful and absurd notions 
respecting the liguro of the Eaith prevailed; some of which were 
adopt! (I because they appeared to agree with the slight and inaccu- 
rate observations of the vulgar, whilst others represented this matter 
in the way w'hich best accorded w ith their preconceived opinions in 
philosophy or religion. The most gctieral opinion was, that tile 
Earth was a great circular plane, extending on all sides to an intinite 
distance; that the firinamcnt above, in vvliich all the heavenly bodies 
seem to move daily from east to west, was at no groat distance from 
the Earth ; and that nil the celestial bodies were created solely fur 
its use and ornaiuent.t Qmnas Jndoplevsies supposed that it was 
an immense plane, whose length was much greater than its breadth, 
and surrounded by an unpassable ocean. — Towards the north he 
placed a huge iiiouiilaiii, round which the sun and stars performed 
their diurnal revolutions ; and from the conical shape which he as- 
cribed to it, w'ith the oblique motion of the sun, he accounted for the 
inequality of the days ami the variety of the seasons. The vault of 
heaven he conceived rested upon the earth, which extended beyond 
the ocean, and supported by two vast columns. Beneath the arch, 
angels conducted the stars in their various motions ; above it were 
the celestial waters, and over all he placed the supreme heavens. 

Concerning the figure and infinitude of the Earth no accurate in- 
formation can be derived from the ancients. But this is not to be 
wondered at when we consider that they were not only unacquainted 
with the laws of motion, and the use of a floptical and mathematical in- 
struments ; but they w*c:re unacquainted with tlie very existemee of 
extensive islands and countries at no inreat distance from their own. 


* I'his is what the French mathematkiaiis have, lately deduced from ,a mea- 
surement of above 12° of the meridian. 

t Heraclitus imagin^^ the earth to have the shape of a canoe ; Anaximander 
supposed it to be cylindrical ; and Aristotle, the great orarle of antiquity, gave 
it the form to a thnbreL 
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A ?ery little reflection, however, and a very little travelling either 
by sea or land, must soon convince any one that tlic earth is ot a 
spherical form. For let a person occupy any station in a level coun- 
try, and mark carefully the objects within Inc range oi his hori4on, 
let him then advance in any direction, and as he moves the objects 
behind him gradually disappear and new objects in Iront come in 
view. Before be has travelled twenty miles in the same direction, 
be will find that every object which was at first visible to him is lost 
to bis view, and that he is now in the centre ol a new horizon. As a 
similar change takes place at every part of the globe where the expo- 
rimoiit is tried, it follows that the earth is a spherical body, llie 
same inference may be dcduc(Klfrom observing the appearance of a ship 
at a distance at sea, or from obsorvingthe gradual rising of the coast as 
a ship approaches the shore. In the former case the top of the mast 
is first seen, and as the vessel approaches the land the whole of her 
gradually becomes visible : in the latter, the hills, or the higher 
parts of the buildings, are first discovered, but by degrees every par* 
of the buildings, aud even the beach itself is seen. 

These are uppoaraiices which can only bo reconciled with the 
spherical figure of the earth. The ijame conclusion may be drawn 
from observing the altiUidc of the Pole star after travelling north or 
south a considerable number of miles. In travelling northward its 
altitude will be increased ; but in travelling aouth it will be dimi- 
nished. 

The globular figure of the earth is also inferred from the operation 
of levelling, in which it is found iiece.Hsary to make an allowance for 
the diflereticc between the true and appamit level — and the allow- 
ance which is made, and found to answer, is on the principle that 
the earth is spherical. 

Another proof of the earth being of a spherical form in obtained 
from its shadow in an eclipse of the moon. I’or when the shadow 
of the earth falls on the moon she is eclipsed, and tlic shadow 
always a[)pears circular upon the face of Ahe moon, when she is 
not totally eclipsed, although the earth is constantly turning on iti 
axis. Hence it follows that ilie body that projects it must be 
spherical. 

But the most convincing proof of the spherical figure of the earth, 
is that many navigators have sailed round it ; not on an exact circle 
it is true, because the winding of the shorts would, not admit of it, 
but by going in and out as the shores happened to lie, and still keep* 
ing the same course, they have at last arrived at the port from which 
they departed. Among those who have succeedeo in this daring 
enterprise, may be mentioned Magellan, a Portupese, in tlie year 
1519, who completed the voyage ht 1124 days ; Francis Brake per- 
formed the same in 105G days; Sir Thomas Cavendish in 777 days ; 
Van Schoulen in 749 days ; and many others have since performed 
the same navigation, partlcatacly Anson, Baugainville, and Cook. 

Some pf these navigators sailed eastward, some westward, till they 
again Arrived in Europe ; and in the course of their voyace observed 
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ifkat all the phenomena^ both of the heavens and the earth, confirmed 
the doctrine of the spherical figure of the earth. 

Tlie unevenness or irregularity of the earth’s surface, such as 
mountains and valleys, afford no objection to its being considered as 
A globular body; for the loftiest mountains bear no greater propor- 
tion to the vast magnitude of the earth, than grains of sand to the 
size of an artificial globe of twelve inches in diameter. 'J’his is the 
reason that no deviation from the spherical figure of its shadow is 
perceptible in an eclipse of the moon. 

Although every one of the observations which have just been 
made respecting the figure of the earth, affords sufficient evidence 
that the surface of the earth is curved, yet none of them, except, 
perhaps, the form of the shadow on the disc of the moon in a lunar 
eclipse, entitles us to infer that the figure of the earth is that of a 
globe, or perfect sphere. It was natural, however, for those who 
first discovered that the earth had a round shape, to suppose that it 
was truly spherical. This, however, is now known not to be tho 
case. Its true figure being that of an oblate spheroid, or sphere, flat- 
tened a I'ttle ar the poles, and raised about the equator, so that the 
polar diameter is less than the equatorial. What first led to this 
discovery was the observations of some French and English philoso- 
phers in the East Indies and other parts, who found that pendulums 
required longer time to perform their vibrations the nearer they were 
to the equator. For Mr. Richer in a voyage to Cayenne, near the 
equator, found that it was absolutely necessary to shorten the pendu- 
lum of his clock about one-eleventh part of a Paris inch, in order to 
make it vibrate in the same time as it did in the latitude of Paris. 

From tills it appeared that the force of gravity was less at places 
near the equator than at Paris ; and consequently that those parts 
are at a greater distance from the earth’s centre. This circumstance 
put Newton and Huygens upon attempting to discover the cause, 
which tney attributed" to the revolution of the earth on its axis. If the 
earth were in a fluid state, its rotation on its axis would necessarily 
Ijiake it assume such a figure, because the centrifugal force being 
greatest towards the equator, the fluid would there rise and swell 
most : and that its figure really should be so now, seems necessary to 
keep the sea in the equatorial regions from overflowing the land 
about those parts. 

Newton in his Principia demonstrates, that by the operation of the 
power called gravity, the figure of the earth must be that of an oblate 
sphei'oidi if all parts of the earth be of a uniform density throughout, 
and that the proportion of the polar to the equatorial diameter would 
he 2*11) to 230 nearly. 

As all conclusions, however, deduced from the lengtii of pendu- 
lums at different places of the earth’s surface, proceed upon the sup- 
ikosftion that the earth is a homogeneous body, which is very impro- 
tiabie, the true figure of the eaim can scarcely be expected to be 
discovered by the pendulum ; and at any rate it can be of no use in 
determining the magnitude of the earth. A solution of this important 
piolicm W'Mi, however, been attempted at various periods, by other 
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ineatiR, and lias at last boen aceomplished in a most accurate and 
satisfactory manner, by Ibe actual measurement of a very large arc 
of a meridian circle on the earth’s surface. The earliest attempt of 
this kind of which we have any account, is that of Bratostheiics of 
Alexandria, in Egypt By measuring the sun's disianoe from the 
/Giiith of Alexandria, on the solstitial day, and by knowing, as he 
thought ho did, that the sun was in the zenith of Syen6, on the same 
day, he found tlie distance in the heavens between the parallels of 
these places to be 7° 12', or a fiftieth part of the circumference of 
a great circle. Supposing, then, that Alexandria and Syen6 were 
on the same meridian, nothing more was required than to find the 
distance between them, which multiplied by 50, would give the cir- 
curnferonce of the globe. But it does not appear that Eratosllioucs 
took any trouble either to ascertain the bearing or the distance of the 
two places ; for Sycn6 is considerably east of Alexandria, and it ap* 
pears that the distance was not measured till long afterwards, when 
it was done by the command of the Emperor Nero, A similar at> 
tempt was made by Passedonius, who lived in the time of Pompoy ; 
but it is impossible for us to judge how far these results correspond 
with the mure accurate measurements of the moderns, ai we arc iin- 
acijuainled with the stadmm^ the measure in which the results were 
expressed. 

The first arc of the meridian measured in modern times with any 
degree of accuracy, was by Siiellius, a Dutch mathematician, 'flic 
arc was between Bergen-op-zoom and Alkmaar, and the length of 
the degree that resulted was 55,021 toises ; but upon repeating the 
openttioiis afterwards with greater accuracy, the degree came out 
57,033 toises, which is not far from the truth. 

Our countryman, Mr. Norwood, measured the distance between 
London and York, from whence ho deduced the length of a degree 
to be 57,800 toises, which has been found to be a near approximation, 
considering the method he took to determine it. For he says, ** Some- 
times I measured, sometimes 1 paced, and 1 ^ within a 

scantling of tiie truth.'* ▲ 

Picard was the first person who employed the trigonometrical^ 
method with any degree of accuracy ; but since his time very large 
gres of the meridian have been measured in various parts of the world, 
particularly in Lapland, Peru, India, France, and England. The 
arc which has been measured in France extends from Dunkirk in 
lat. 61® 2 O" N. to Fonnentera, the southernmost of the Balearic isles 
in lat 38'' 38 50^ N. comprising an arc of 12^ 23 13^ But this has 
lately been extended to the Shetland islands. The whole ampli- 
tude of the arc is therefore above 22^. 

From comparing the lengths of the degrees of the meridian which 
have thus been measurt'd at different parts of the earth with each 
other, it is found that they gradually increase in length from the equa- 
tor to the poles; which proves beyond the possibility of doubt, that 
the true figure of the earth is that of an oblate spheroid, its polar dia- 
meter being to the equatorial as 3ll to 312. And by taking the 
moan length of a degree, or that measured in France at latiuide 45^ 
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and multiplying it by 360, tbe degrees in the circle, the circumference 
of the earth in the direction of the meridian is found to be 24,855*84 
English miles. I'he circumference of the equator is 24,806*16 miles, 
which is about 40 miles greater than the preceding. The mean dia- 
meter of the earth is therefore 7910 nearly, and the lengtli of one de- 
gree 69 English miles. 


OF MARS. ^ 

In larger circuit rolls the orb of Mars, 

Guiltless of stern debate, and wasteful wars, 

As some have erring taught : he journies on, 

Impel I'd and nourish'd by Iho attractive sun ; 
lake us, his seasons and his days he ow es 
'1 o liie vast bounty which from Phoebus flows. 

Brown. 

Mars is the next planet, after the earth, in the order of distance 
from the sun; utid as his orbit includes that of the earth, he is called 
the first of the «Myjc/w planets. He is usually represented by the 
chiiiactor which is said to bo rudely formed from a man holding 
a spear protruded, roprestJiiting the god of war, which is the title of. 
Mars in the li< athon mythology. 

He may easily be distinguished from any otlier planet, or star, by 
the red colour of his light. 

Mars is the smallest of all the ancient planets, except Mercury, 
his diameter being about 4200 miles. The tinie he takes to perform 
his sedt real revolution round the sun is 686 days, 23 hours, 30 ini- 
mitcs, 36 seconds, which is performed at the distance of about 145 
millions of miles, at the rate of 55,000 miles per hour. The time be 
takes to revolve on his axis is 24 ** 39' of our time. The quantity of 
light and heat which Mars receives from the sun is only about half 
l^hat the earth receives from him ; and the sun only appears half 
as large to Mais as to the earth. If any satellite revolves round 
Mars it must be very small, as it has not yet been discovered, not- 
withstanding the great number of observations which have been made* 
on this planet with the most powerful telescopes. 

To Mars, the earth and moon appear like two moons, a larger and 
a smaller, changing places with each other, and appearing sometimes 
horned, sometimes half and three quarters enlightened, but never 
full ; and never above a quarter of a degree distant from one another, 
although they arc 240,000 miles asunder. 

The red colour of tliis planet is ascribed to the density of its at- 
mosphere. Tor the atmosphere which surrounds Mars is not onl;^ of ' 
great density, but of great height, that is, extends a great way from 
his surface, as appears from the occultations to which the fixed stars 
are subject on approaching his disc. 

Dr. Sti^i, in his Optics," mentions an observation made by Cassini, 
on a stfr in the constellation Aquarius, at the distance of six 
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minutes from the disc of Mars^ that became so faint before its oc- 
cultation that it could not be seen by the naked eye, nor even with a 
three-feet telescope. 

From a scries of observations. Dr. Herschel found that the poles 
of Mars were distinguished by very remarkable luminous sjpots. 
These he employed* to determine the situation of the axis ot the 
planet, and its inclination to the etdiptic. A'c. 'J'hcir magnitude and 
splendour were sometimes very coiisidtTable, but subject to very 
great variations. The Dr. supposes that they arc produced by the 
reflection of the sun’s light from the snow near the poles ; and that 
the variations in their size and brightness is owing to the melting of 
the polar ice. 

Dr. II. has also determined that Mars is of a spheroidical form, 
somewhat similar to that of the earth, having its ecjiiatorial diameter 
to the polar as 103 to 98. When we refl(‘Ct on the general appear- 
ance of tliis planet, we soon find that opportunities for making ob- 
servations on its real form cannot be very frequent : for when it is 
near enough to be viewed to advantage, we generally see it gibbous, 
or more than half illuminated, and its oppositions are so seldom, and 
of so short duration, that in the space of t^o years there is not above 
three or four w^eeks for making such observations. It is iberefore 
not at all surprising that the s[)iieroidical form of this planet should 
not have been discovered before the time of Dr. Herschel. 

As the orbit of Mars includes that of the earth, at the time of his 
opposition to the sun he is nearly live times nearer the earth than at 
the time of his conjunction ; he therefore appears nearly live times 
greater at the former of those periods than at the latter. And by 
observing his oppositions in difierent parts of the heavens, or when 
he is in different parts of his orbit, his apparent diameter is nearly the 
same ; hence it is inferred that the siin is nearly in tin? centre of the 
orbit of Mars, or that it docs not deviate much from a circle the 
same appearance is observed when Jupiter and Saturn are in a similar 
situation ; it is therefore concluded that the orbits of these planets arc 
also nearly circular. 

Mars appears wdth his disc perfectly round bf)th at the time of^ 
opposition and conjunction. In the intcrmodialc positions, he is 
found to want something of perfect rotundity, on the side turned 
farthest from the sun. This not only proves that Mars receives his 
light from the sun, but that his orbit includes that of the earth. 

When Mars first emerges from the sun’s rays, a few days after the 
conjunction, ho rises some minutes before the sun, and his motion is 
found to be progressive, that is, he changes his place daily a little 
towards the east. But the earth’s motion in the sntne directKJii is 
nearly double that of Mars, which has the effect of making that 
planet appear to recede from the sun towards tlie west, though its 
real motion, with re.^pect to the fixed stars, is toward the east. This 


* Although |he orbit of Mars does not deviate greatly from a circle, yet it is 
the most eccentric of all tUc ancient planete, except that of Mercury. 
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continues for nearly a year, when his angular distance from the sun 
is about 137“, he then appears to be stationary for a few days. After 
this, his motion becomes retrograde, or toward the west, and conti- 
nues so till he is ISO"" distant from the sun, or ir opposition, so as to 
be on the meridian at midnight. If is retrograde motion is then swift- 
est; it afterwards becomes gradually slower, at&d ceases altogether 
when the planet has again come to be about 137“ distant from the 
sun on the other side. I'he motion then becomes progressive again, 
and continues so till the conjunction, and beyond it, in the manner 
just described. The period in which ail those changes take place, or 
the interval between one conjunction, or opposition to the next, 
is 730 days, which is the length of a synodical revolution of this 
planet. 

The irregularities of Mars, in his orbit, being the most considera- 
ble of all the primary planets, Kepler fixed upon it as the first ob- 
ject of his invesj;igations respecting the natuio of the planeiary orbits; 
and after extraordinary labour, he at last discovered that the orhit 
of this planet was .elliptical ; that the sun is placed in one of the foci ; 
and that there is lio point round which the angular motion is uni- 
form. ^ 

[n the pursuit of this inquiry he found the same thing of the earth’s 
orbit; hence, by analogy, it was reasonable to think, tliat all the 
planetary orbits are elliptical, having the suniii their common focus * 


OF CERES. ^ 

This and the three following planets have all been discovered since 
llie beginning of the present century, and within the space of six 
years. 

Ceres was discovered on the 1st of January, 1801, by Mr. Piazzi 
at Palermo in Sicily. 

Its diameter, according to Dr. Herschel, is only 163 mih^s. But 
^hroetcr makes it 1624 miles. This great difference, says Shroete, 
arises from Dr. H. observing with his projection-micrometer at too 
great a distance from his eye, and measuring only the middle clear 
part of the nucleus. 

Ceres moves in an orbit between Mars and Jupiter ; and its mean 
distance from the sun is about 263,000,000 miles, 'fhe time it takes 
to perform its sidereal revolution round the sun in 1681 days, 1^ 
hours, 56 minutes. The excentricity of its orbit is a little greater than 
that of Mercury ; and its inclination to the ecliptic exceeds that of 


* logarithms not having been discovered at that time, arithmetical calcula- 
tions, when pushed to great accuracy, required both Ipreat patience and great 
labour. In die calculation of every opposition of Mars, the work filled ten folio 
pages, and Kepter composed together seven oppositions of this planet, repeating 
each calculation ten times; so Uiat the work for each opposition filled 100 such 
pages, and the whole calculation for the seven oppositions product a large folio 
volume. 
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all the old planets very considerably. Ccies is not visible to the 
naked vye ; but when observed by a telescope, appears of a ruddy 
colcMir, and about the size of a star of the eighth magnitude. It aUo 
seems to be surroundeil by an extensive and dense atmosphere; but 
when examined by a telescope, which magnifies it above two hundred 
times, its disc may be very distinctly perceived. 


OF PALLAS. ^ 

The planet Pallas was discovered at Sremon, in Lower Saxony, 
on the 28th March, 1802, by Dr. OJl)crs. It moves in an orbit 
between that of Mars and Jupitor, and its mean distance from the sun 
is nearly the same as Ceres; but the inclination of its orbit -to the 
ecliptic is much greater, being not less than The linic it 

takes to perform its sidereal revolution round the sun, is about five 
hours more than Ceres ; and it appears also to be about the same 
magnitude. Tt is less ruddy than Ceres ; but is sui rounded by an 
atinosph(3re similar to what surrounds that planet. It likewise un- 
dergoes similar changes, but its light exhibits greater variations. 


OF JUNO. 

The planet Juno was discovered by Mr. Ilanling at the observa- 
tory of Lilianthal, near llreiiien, on the evening of the 1st of Septem- 
ber, .1801, while he was making a catalogue of all the sturs which 
were near the orbits of Ceres and Pallas. Its diameter, according to 
Shrneter, is 1425 miles; and its mean distance from the siiu is about 
253,000,000 miles. The time it takes to perform its sidereal revolu- 
tion round the sun is nearly 1690 days. The orbit in which it pt?r- 
forms its revolution round the sun is situateif between that of Mars 
arul Jupiter, and is so cliptical that its greatest distance from the sun 
is nearly double its least distance. This great excentricity has a re- 
markable elfcet on the motion of the planet in its orbit: for it moves 
through that half of orbit which is nearest the sun nearly in half 
the time that it moves through the other. The inclination of the- 
orbit to the ecliptic is about 13^. 

Juno is of a reddish colour, and free from that whitish light which 
surrounds Pallas 


OF VEStk. A 

This planet was discovered by Br. Gibers, of Jlremen, on the 20th 
March, IdOTii Its diametr^r is slated at 238 miles; but Shroeter 
makes it much greater. The orbit of Pallas situated between the 
orbits of Mhm and Jupiter; but nearer the lormer than any of the 
other (tew planeu. The time it takea to perform its sidere^ revolu- 
‘.v . B-f' 
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li'jri round the sun is 1335 days, 4 hours, 54 minutes, tls mean 
distance from the sun is about 2^25,000,000 miles. 

In a cltiar evening this planet may be seen by the naked eye, 
like a star of the sixth magnitude, of a dusky colour, similar in ap- 
pearance to Uranus, — its light being more intense, pure, and white, 
than any of the other three new planets. 

It a[)pears rather extraordinary that the orbits of the four new 
planets, just described, should all be nearly at the same distance 
from tiu; sun, and in a part of the heavens, where it was conjectured 
some planet might perform its revolution round the sun, although no 
astronoMor hail ever been so fortunate as to discover it. What led 
to this supposition was the great distance between the orbits of Mars 
and Jupiter, a thing so unlike the regular order in w'hich the orbits 
of the planets between the sun and Mars were disposed. Accord- 
ingly, upon the discovery of Ceres, the harmony and regularity of the 
syvstcm scorned to be established; hut the subsequent discovery of 
Pallas and Juno, seeinc^d again to overturn these spectilutions.- This 
new diiliciilty suggested to Dr. Gibers, what may perhaps be consi- 
dered a very voiiiaiitic idea, namely, that the three recently disco- 
Tcred planclN might be fragments of a planet, which had been burst 
asurdei by some internal convulsion. This opinion seemed to receive 
coiisideral)le support from a comparison of their magnitudes with 
that of all the other planets : from the circumstance of their orbits 
being nearly at equal distances from the sun ; and from the very 
singular fact, that all their orbits cross one another in two opposite 
points ill the heavens. 

The support which tins hypothesis derived from the last of those 
circumstances is peculiarly strong and conclusive; for it can be de- 
monstrated, that if a planet, in motion, be rent asunder by any inter- 
nal force, however (liHereiit the inclinations of the orbits of the 
fragments may be, they must all meet again in two opposite points. 
Prosecuting this idea, Dr. Gibers every year examined the small 
stars that were near these points in the heavens, and was so fortu- 
nate as to discover a fourth fragment, or the last discovered planet 
Vesta. Dr. Brewster, of Edinburgh, has suggested aiiother view of 
the subject, which seems to give additional support to the theory of 
Gibers. If a planet, says Dr. B., be rent asunder by any explosive 
force, the form of the orbits assumed by the fragments, apd their in^ 
clination to the ecliptic, or to the orbit of the original planet; will 
depend upon the size of the fragments, or the weight of their respect- 
ive masses : the larger masses will deviate least from the original 
path, while the smaller fragments being thrown off W!:ith greater ve- 
locity, will revolve in orbits more eccentric, and more inclined to the . 
ecliptic. Now this is precisely what happens. .Ceres and Vesta 
are found to be the largest, and their orbits ^ve nearly the same in- 
elinalion to the ecliptic as some of the o)d planets; while the orbits 
of the smaller ones, Juno and Pallas^ are inclined to the ecliptic, 2V* 
and 34'^ respectively. , 

As to these four bodies, so very unlike the other primary planets, 
Dr. HerfjjjShel hae given the name of Asteroids. La Lande and some 
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others have named each of them after the person who discovered it ; 
1ml this prmiuces some degree of confusion, because Dr« Others dis- 
covered both PiiUas and Vesta. 


OF JUPITER. Ti: 

Rpyond the sphere of Mars, in distant skies, 

Revolves the magnitude of Jove, 

With kingly state, the rival of the Sun. 

About him round, four planetary nuums, 

On earth, with wonder, aU night long beheld, 

Moon above moon, his ^ir attendants dance. 

Jupiter performs hi.s revolution round the sun in an orbit, whicli 
includes all the planets yet described. I] is mean distance from the 
sun is about 490 milliims of miles; and the time ho takes to complete 
a sidereal revolution round thot luminary is 4119*2 days, 14 hours, 
27 minutes. The motion on his axis is extremely rapid, being per- 
formed in the short space of 9 hours, 56 minutos; but bis hourly 
motion in bis orbit is only 25,000 miles. 

Jupiter is the largest oi‘ all the planets, liis diameter being 80,170 
English miles. 

Next Juvo, prodigious planet of the skies ! 

His orb ])rcseuts of huge amazing size. 

Brown. 

Jupiter is also the brightest of all the planets, except Venus, which, 
on some occasions, exceeds him in splendour. The character by 
which he is represented is If, 

Jupiter is surrounded by faint substances, called zones, or belts, 
which lie parallel to each other on his surface. They are, however, 
subject to considerable variation both in breadth and number and 
are on some occasions more conspicuous th^^n at others. They arc 
not only parallel to each other, bat, in general, parallel to the equator 
of Jupiter. Bright and dark spots are also frequently to be seen in 
the belts; and when a belt vanishes, these spots vanish with it. 
The broken ends of some belts have often been observed to revolve 
in the same time with the spots; only those near the e(}uator of the 
planet more quickly than those nearer the poles. Tiiis is, perhaps, 
on account of the greater heat of the sun near the equator than the 
poles ; the ecpiator being parallel to the belts and course of the spots. 
On some occasions the spots have been observed to change their 
forms gradually, and sometimes with very unequal velocities. 

Astronomers are very different in tlieir opinio'ris respecting the 
cause of these appearances. Some consider them as the effect of^ 
changes in the atmosphere that surround Jupiter; while others re- 
gard them as indications of great physical revolutions on the surfacor^ 
of that planet The first of these hypotheses appears to explghl the 
variations »h ih& form and magnitade of the belts; hut H by ho means 
, accounts for their parallelism^ nor for the permanence of #mme of the 
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Spots. The spot first observed by the astronomer Cassjni> in 1665, 
which has both disappeared and rea^ppcared in the same form within 
the space of 50 years, seems evidently to be connected with the 
surface of the planet. The form of the belts, says Dr. Brewster, 
may be accounted for, by supposing that the atmosphere of Jupiter . 
reflects more light than the body of the planet, and that the clouds 
which float in it, being thrown into parallel strata by iIk) rapidity of 
his diurnal motion, form regular interstices, througn which are seen 
the opaque body of Jupiter, or any of the permanent spots which may 
happen to come within the range of the opening. 

The form of Jupiter, like that of the Earth, is an oblate spheroid, 
the equatorial diameter being to the polar as 14 to 13. This is occa- 
sioned b> his extraordinary rapid ipotion on his axis ; for the fluids, 
together with the light particles which they can carry or wash away 
with them, recede from the poles which are at rest towards the 
i^quator, where the motion is quickest. 

The axis of Jupiter is so nearly perpendicular to his orbit, that he 
has no sensible change of seasons, which is very wisely ordered by 
the Author of Nature; for if this were not the case, just as many 
degrees round each pole, as the axis was inclined, would be in dark- 
ness for nearly six months. 

To Jupiter the sun only appears l-28th part of the size he does to 
the Earth, and the light and heat he receives from that luminary are 
in the same proportion. But he is in some measure compensated for 
this want by the quick return of the sun, occasioned by the prodi- 
giously rapid motion round his axis; and, irt order to supply him 
with additional light, be is accommodated with four satellites, or 
moons, which revolve round him. 

Four seconr] plauets his dominion own, 

And round him turn, as round the earth the moon. 

BtACKMORE. 

The discovery of these satellites were made by Galileo in 1610; 
and they may be considered as one of the first fruits of the inveucion 
of the telescope. They cannot be seen by the naked eye, but are . 
distinctly visible with a telescope of a moderate power. Their rela- 
tive situation wdth regard to Jupiter, as well as to each other, is 
constantly changing. Sometimes they all may, be seen on one side 
of Jupiter, and sometimes all on the other ; but most frequently some . 
of them on one side, and some on the other. They are designate 
by their distances from Jupiter, that being called t&e Jint whose 
distance from Jupiter is least, when at the greatest elongation, and 
so on with the others. They are of very difite]i|ent^g.^ijtudes| some 
of them being greater than our eat^, while pthj^fe iw^ 
as the moon. Their apparent diameters bcingjii^dsiWe, the^ir real : 
magnitudes cannot be exactly measured. ^ The e^tbmpl has been madn 
by obso.Ting the time they take to eater into llin shadow of Jupiter ; 
but there is a great discordance in the ObserWions which have l^en ; 
made to ascertain this circunistatice and#' of course, . the resiilis,of > . 
these ohsetTations must also be very disebrdant Tljie . 
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liver, is the grcfatest ; the^/blcrfA is the second in niaguilmlo ; \\\i^ 
first, the third in magnitude ; and the second is the least. I'he fir^t 
goes round Jupiter in f day, IB houts, 27 minutes, 33 scc(»nd^, at 
the distance ot 5j times the semidiameter of Jupiter; the second in 
3 days, 13 hours, 13 minutes, 42 seconds, at the distance ot 0 ^cmi- 
diameters ; the third in 7 days, 3 hours, 42 minutes, 33 seconds, at 
the distance of 14J semidiaiucters ; and the fourth in 16 days, 16 
hours, 32 minutes, B seconds, at the distance of 25^ scmidiamcUis 
of Jupiter. The three nearest of these satellitrs full into the shadow 
of Jupiter, and are eclipsed in every revolution ; but the orbit of the 
fourth IS so much inclined, that it is nut eclipsed every time it is iii 
opposition to Jupiter. Sometimes the satellites jiass between us and 
Jupiter, and then their shadows aie seen crossing his disc, 
tins it is evident that both Jupiter and his satellites are opaque 
bodies, which derive their light from the sun ; and as they are 
always observed to ino\e eastward when they aie entering into the 
shadow of Jupiter, and westward when they pass over his disc, it is 
evident that their motion is progressive, or in the same direction 
with the motion of the primary planets round the sun. The eclipses 
of these satellites were not only the cause of that most curious dis- 
coveiy made by Roemer in the year 1675, that light required 
8 minutes 13 seconds to pass from the sun to the earth ; but they 
are of the greatest use In determining the longitude of places on the 
earth, because this dilHcult and important problem can be more 
easily and accurately solved by means of these eclipses than by any 
other method yet known. Asa proof of these satellites passing into 
the shadow of Jupiter when they disappear, wc may remark, that the 
satellite which is eclipsed always disappears on that side of Jupiter 
which is opposite to the sun, oi whcie his shadow falls. We may 
also remark, that the side of the satellite which is nearest to the disc 
of the planet is first eclipsed ; and that the duration of the eclipse 
corresponds exactly to the time necessary for the satellite to pass 
through the shadow. The form of the orbit ^»of the satellites is found 
to be nearly circular, especially that of the 1st, 2d, and 3d ; and 
tlie velocity of their motions nearly uniform. 

In consequence of observing periodical chanps in the intensity of 
the liglit of the satellites, Dr. Hersehel iiiferreci that they revolve on 
their axis, and that the period of tlieir rotation is equal to the time of 
their revolution round Jupiter. 


OF SATURN. % 

Bat farther yet the tardy Saturn lags, 

And se\cn attendant lanlnanes drags ; 

Invesling wtlh a double ring his pace. 

He circles througli immeitsity of space 

The plaaeli Saturn moves in a still more extensive orbit than that of 
Jiqpiteri his distance irom the sun being about 303 iDillijpni of miles 
The period in which he performs his sidereal revolution rou^fl tlie sun. 
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is 10758 days, 23 hours, 10 minutes ; the velocity of his motion is 
therefore about 18,000 miles per hour. 

The time he takes to revolve on his a\is is ten hours sixteen 
ininuics. 

The diameter of Saturn is 70,491 miles, which is about ton 
thousand less than that of Jupiter. His shapo is that of an oblate 
spheroid, like that of Jupittr, but still more elliptical, the equatorial 
diamctei beini; to the polar as 12 to 11. 

Saturn shines with a very feeble light compared with that of 
Jupiter, on account of his great distance from the sun. But not- 
withstanding this he is one of the most extraordinary and engaging 
objects which astronomy presents to our view. He is distinguished 
from all the other planets hy a bioad luminous ring which surrounds 
his body. This extiaordinary phenomenon was discovered about the 
end of the 17th century, by the astronomer Huygens. When seen 
thiougli a good telescope, the ring appears double, and is seen to 
cast a deep shadow on Ihe planet ]>t. Jlerschel was of opinion that 
the ring has a motion, uri axis which is at right angles to its own 
plane ; and that it is completed m the same time with tliat of the planet 
itself, that i«<, m a little more than 10 hours. The plane of the ring 
coincides with the i quator of Saturn, but it makes an angle with the 
ecliptic of about 30^, and remains always parallel to itself. The 
upper surface of it uill, therefore, be illuminated dining half the 
period of Saturn*s levolution round the sun, or about 15 years, and 
the uridei surlace during the other half of tlie period. For the same 
reason the plane of the ring must, in the couise of one revolution, 
tvi ICO intersect the plane of the ecliptic, and then the thin edge only 
of the ring being illuminated, it will be invisible while it remains in 
that position. When the ring is seen under the most favourable cir- 
cumstances, it has the appeal ance of an eclipse, the breadth of 
which IS iieaily half its length; but after this it gradually becomes 
narrower, till at length its farthest arc is hid behind the planet, and 
the neater is confounded with it. It is in this siluation that it has 
been seen to cast a shadow upon the disc of the planet ; from which 
it is inferred that it is an opaque body, illuminated b]f die sun. 
Although we have stated that the ring is invisible when its edge is 
turned to the earth, on account of the quantity of light which it then 
reflects being so small that it cannot be observed through ordinary 
telescopes ; yet with instrnments of very great magnifying power it 
never ceases to be visible. Dr, Ilerschel says, ttiat when he 
observed witli his 40-feet reflector he could always observe the ring. 
Although the ring encompasses Saturn, yet it is e^ry where sepa- 
lated from him ; for stars have been seen between it and the planet. 
The apparent breadtii of the ring is about one-third thin; of the pla- 
net, and about equal to the distance of Saturn fi^oih its inner edge* 
The ling does not appear nniform, for it seems divided by a dark 
lino going all round, concentric with the outer and inner edge, aiid 
iorming two rings, of which the outermost ia ody about one^th^ the ' 
bicadtn of the other. 
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Muse ^ raise thy voice, mysterious truth to siu^, 

How oVr the copious orh a lUcM nog, 

Opake and broad, is seen its arch to spread 
Round the big globe at stated periods led ; 
i'erhaps (it's use unknown) with gather*d heat 
To aid the regions of that gehd seat, 

The want ot nearer ^hcehus to supply, 

And warm with reftea (leaiiis his summer sky , 
rise might the high plat'd world exposed to irost. 

Lie waste*, m one eieinai winter lost. Buown. 

The dislauce uf Saturu from the sun being noarly ten times gi eater 
than Uicit of the earth, he can only enjoy about oiie-ninetieth part of 
the heat and light which the eaith enjoys. Besides the ring just 
dt*icribed, Saturn is attended by heDcn satellites, which in a great 
measure compensate for the scantiness of light that he derives from 
the siiii. 

Tin iuuiih satellite is sonu times called the 11 u\ genian satellite; 
It was discovered by Jiu^geiis, m 1055 ; tlie first, second, third, 
.ind fifth w<*re discovered, some \tars aftei wards, by Cassini; and 
the sixth and seventh wde dihcovered by I)i. ilcracliel m J780, 
'riie nuniinrs denote the older m which they were dmcovered, 
except in the ease ot the fointli, and not their ilistanc(s fiom the pii- 
maiy, as in the case ol Jupiter. IV hen ranked in the order ot their 
ilistiince ftom Saturn they must be airanged thus : the sixth, seventh^ 
fiist^ second, thud, fouitli, fifth; and if this oider be inverted, ti»ey 
will then be ranked accoiding to ilieir comparative brightness, wih\ 
the exception of the fifth, which never equals tlir fourth in splendour. 
The Dibits of all of them are nearly cue ular ; and with the exception 
ot that of the hfth, necirly in the plane of the iing. But the oibif ot 
th( tilth is considerably more inclined to tin ecliptic; and when this 
satellite reaches its greaUst wistirn elongation, if exceeds all the 
otheis in splendour; but when it airives at its gicafcst eastern elon- 
g.ition, It disappears altogether, and continues invisible for half tne 
time It lequires to perloim its i evolution round its orbit. This 
appearance is not occasional, for it always iccurs when iho satellite 
IS in the same position. Hence it is infeirod, that this satellite, like 
our moon, revolves on its axis in a pciiod exactly equal to the time 
of its rovoluHon round Saturn. 

The portodieal revolutions and distance of these salellites from the 
body of Saturn, cxpiessid in semi-diametc rs of Uiat planet, as well 
as m miles, arc exhibited in the following tabU : 
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These satellites are all so small, and at such a distance from the 
earth, that they cannot be seen unless with very powerful telescopes. 

The surface of Saturn, like that of Jupiter, is diversified by a num- 
ber of belts, or regular stripes. Huygens observed five belts, which 
were nearly all parallel to the equator of Saturn. Dr. Ilerschcl 
likewise observed several belts, which are in general parallel to the 
ring. On the 11th of November, 17^3, he observed a bright, uni- 
form, and broad belt, close to which was a broad and dark one, 
divided by two narrow white streaks ; so that he saw the same num- 
ber of belts as Huygens, three of v/hich were dark and two light. 
These belts coyer a larger zone of the disc of Saturn, than those of 
Jupiter occupy upon his surface. 

The orbit of Saturn was long considered as the boundary of the 
solar system, except the cometary orbits, which were believed to 
stretch far beyond it. The discovery of the planet Uranus has, 
however, extended the system far beyond the limits formerly 
assigned to it. 


OF URAMVS, OR HKRSCHEL. U 

Last, outmost Herschel walks his frontier round 

Tke boundary of worlds ; with his pale moons 

Faint glimmering through the darkness night has thrown, 

Deep dyed and dead, o'er this chill globe forlorn : 

An endless desart, where extreme of cold 
Eternal sits, as in his native seat, 

On wintry hills of never thawing ice ; 

Such Uerschers earth. 

A new planet was discovered by Dr. Herschel on the 13th March, 
1781, and called W him Georginm SidtiSy out of respect to his 
Majesty George llL ; but some astronomers have given it the naine 
of Herschel, after its discoVorer, while others have given it the 
name of Urams^ which is the name now given to it in almost every 
work on astronomy, and seems to be confotmable to the manner of 
naming tho other planets, that is, from the heathen mythology. 
Besides, if the situation of this planet in tho system be ooneidered, 
the name Uranus is quite apposite. For as Saturh*s orbit includes 
that of Jupiter, and he bears the , name of Jiipit^’s there 

seems an equal propriety in calling the next planet, whose orbit 
includes that of Saturn, by the name of Uranus,^ Saturn’s iatlmr. . . 

The mark or character by which tJranus is distinguished in 
astronomical works is ]y[. The orbit of this 
beyond that of Saturn, being^t tbeimmense^d^t^d,0fi.,^it31,QOd,^ 
miles from the sun. The time of its sjder^lMt' revolution rouiid that, 
luminary is said to be 30,6to days, 17 hd^s.' /His diameter iS 
aI>out 4| times greater thasn that of the nekrly 

English miles. ‘ , 

The distance of this planet is so griSat/ that it cannot be seen by 
the naked eye, except wjhen the atroospherjS. is very .clear,^ and then 
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it apnears like a star of the 0th magnitude. It had been observed 
by Flamsead and Mayer ; but was considered by them as a fixed 
star, aud put down in catalogues as such* Long before the disco- 
very of this planet, some disturbances and deviations in the motions 
of Jupiter and Saturn were obseived by astronomers, which they 
could only account for on the supposition that there existed some 
planet still more distant from Uie sun than Saturn. But this can 
only be considered in the light of more conjecture. For it is to the 
indefatigable industry and exertions of Dr. Hersche), that we arc 
indebted for the discovery of this planet^ and all the important pai^ 
ticulars connected with its motion. ^ 

Uranus is at such an immense distance from the sun, that the 
light he receives from that luminary must be very small indeed ; but 
this want is in a great measure supplied by six sateUitew uhicsh 
I evolve round him, ail of which were discovered by Dr. Ilcrschid. 
The first and fourth be discovered sn January 1787 ; aud the other 
four in 1790 and 1794. 

The orbits of all the satellites arc nearly in the same plant , and 
almost at tight angles to the oibitof Uranus; but what is rathiT 
extraordinary, the motion of these satellites is rctiograde, or directly 
the reverse of the other planets uiid satellites. 

The distances and peruKiic times of Uie satellites are as in the 
following table : 
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Eclipses of the satellites sometimes take place; but these can only 
be seen when Uranus is near bis opposition. This happened iii the 
year 1799, and also in 1818 ; but they can only be discerned by the 
most powerful telescope, and when tne sky is perfectly clear. 


THE PLANETS, AS SEEN THROUGH A TELESCOPE. 

If eagei still in Nature's book to pry, 

Thou shoidd'st the Astronomic tube apply ; 

And trace witii careful eye the wide mane. 

The Comet's blase^ and Pianetaty train : 

Then shalt thou mark the various s> steins roll, 

And learn the laws that legulate the whole. Carly 

Although many of the phenomena inentioiie<l m the foregoing pages 
have been disooven d by means of the telescope, yet this most valuable 
instrument has been the means of accomplishing many othc^ splendid 
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discoveries, which could not be noticed, consistently with the plan of 
this work, at an earlier period. 

The t^rlescope was first turned to the heavens by the celebrated 
aslroiioiiicr and philosopher, Galileo; hence it has been aptly enough 
styled the Galilean tube.* 

By whose aid are seen 

The planetary phases, the bright cohort 
Of secondary worlds ^ and countless suns. 

Which, hid in the innnensity of space, 

Ne'er visited the sight : from whom we learn 
The eclipse in time and quantity exact ; 

And trace the parallax, ihat woDdruns clue, 

By which the dfstunce and the magnitude 

Of the celestial spheres are known on earth. Kudosia. 

No astronomer has ever done more to improve the telescope, or 
made more observations and discoveries in the heavens by means of 
this most amusing and useful instrument, than the laic Dr.llerschel.f 
It may therefore be gratifying to hear the Doctor’s observations 
respecting the requisites which this instrument ought to possess, 
in order to enable the observer to make accurate and minute observa- 
tions on any of the celestial bodies. 

In stating the rcstiU of a series of observations on the satellites of 
Uranus, or the Georgian planet, as the Dr. terms it, he says, 
** The great distance of this planet renders an attempt to investigate 
the movements of its satellites a very arduous undertaking; for their 
light, having to traverse a s|:iace of such vast extent before it can 
reach ns, is so enfeebled, and their apparent diameter so diipi- 
nished, that an instrument, to be prepared for viewing them, must 
be armed with the double power of magnifying and of penetrating 
into space.” — The first of these piopertu’s,” continues the Dr. 
** seems not to be generally understood : the question how much a 
telescope magnifies admits of various answers. To resolve it pro- 
perly, we ought, in all circumstances, to consider how far the mag- 
nifying powc^r of a telescope is supported by an adequate quantity of 
light ; for without it, even the highest power and distinctness cannot 
be e^cient. This is abundantly confirmed when a ten-feet reflector 
is directed to the Georgian planet; for with none of its hijghest 
powers can we possibly ascertain even the existence of the 
satellites. 

Since, then, it is absolutely necessary that the power of tt>agni- 
fying should be accompanied with a sufficient quantity of light to 
reach the satellites of this remote planet, it may to usenil to cast an 
eye upon Uie action of a power which is become so essential. Its 
advantages and its inconveniences mu$t equaUy;.,;be,.qtye<^ .of 
consideration. 'v. _ ’. ‘N * 

A very material inconvenience is, that mirrors which must , be. 
large in order to grasp much light, mitsU also be of a great foCal 
length ; and that in consequence of this Wi^^hat sebmit to be en^ium^ 
bered with a large apparatas. 

* Sec page 9 of tlie $uppleiheht to this WiiiCv \ • 

t As hois better known by the little Dr. WiUiaih Hersc^tel, we retiun 

the ]■ 
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** Tlic forty^oei telescope having more liftht than the twenty >tVet 
one, which I frequently use, it ought to be explained why I have 
not always used it in making my observations on the sateIlit<>H of tlio 
Oeoigian planet Of two reasutos that maybe ass-igned, the 
relates to the apparatus i^d the nature of the instrument The pie- 
parations for observing with it take up much time, which in tine is 
too precious to bo wasted in mechanical arrangements. The tempe- 
rature of the air for observations that must not be interi upted, 
often too changeable to use an instrument that will not easily accom- 
modate itself to the change ; and since this telescope, besides the 
assistant at the clock and writing-desk, lequires moreover the 
sitlendance of two workmen to execute the necessaiy movements, il 
cannot be convenient to have every thing prepared for occasional 
lucid intervals between dying clouds that may chaiire to occur ; 
whereas in less than ten minutes the twenty-feet telescope may be 
ptopetly adjusted and directed, so as to have tlu' planet in the held 
of view. 

In the next place I have to nioniion, that it has constantly been 
rule with me, not to observe with a larger iiistrunu^nt when a smallin 
would answer the intended purpose. To use a niiin<igoablc apparatus 
saves not only time and trouble, but what is of still greater consc- 
qufiice, a smaller instrument may comparatively be catried to a 
mote pel feci degree of action than a larger one; because a iniiror 
of less weight and diameter may he composed of a metal which will 
redeet more light than that of a laiger one ; it will also accommodate 
itself sooner to a change of tcmperatuic; and when it coiitiacts tar- 
nish, it may with less trouble be repolished.*’ 

After describing the edccts of diderent kinds of eye-glasses, the 
Dr. states that the iiuigiiifyitig power by which the satellites of 
Uranus were discoveied was only 157 ; and that he constantly used 
the same power in his sweeps ot the heavens, and found it to be very 
effective toi the discovery of faint nebula% and minute clusters of 
Ntiira, bill baldly siiilicient to show the satellites steadily. 

The higher powers of 2400, 3000, and 7200, were only employed 
to scrutinize llie closest neighboiiihood of the planet, in order to dis- 
I'over additional satellites ; but fiom Uic appearance of ilie known 
satellites with these powers, they were found too indistinct to be 
used.* 

It has already been remarked, that both Mercury and Venus 
exhibit all the various phases of the moon. This, however, can-' 
not be peiceived without the aid of a very good telescope. But 
with this assistance the eye can very distinctly discern all the 
vaiicty of forms in these two planets, which can be so easily per- 
ceived in the moon by the naked eye. Jifter their inferior conjunc- 
tion, that is, when first seen in the tnoroiiig, rising a little before the 
sun, they exhibit the form of a crescent. When they have attained 
their greatest western dongation, they apjftear nearly half illuminated. 
As they return towards the sttn, their disc becoiiic s more and more 
illuminated, till they reach their superior conjunction, when it is 

V The tdOfcopes heie luenthmod are of the kind, theimirrora of 

which are metal, or rather an alloy of various metals. Tin* great mWor of the 
40-fcet telescope iS'foui feet in diamitei, and weigUs above 2000 pot{>Yb. 
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completely illuminated ; but being on the opposite Side of the sun 
with respect to the earth, they are tost in his , rays. \l^hen they 
begin to be seen in the evening, their disc appears gibbous^ or more 
than half ; and when they have reached t^ir greatest elongation, it 
again appears about half enlightened, ii^ffheir return to the the 
luminous disc continues to diminish till they arrive at their inferior 
conjunction, and then their dark side is completely turned towards 
the earth. 

In the interval between the disappearing of tliese planets in the 
evening, and their re-appearing in tlie moniing, they sometimes pass 
over the sun in the form of a dark spot. See page 25. This ap- 
pearance would happen at every inferior conjunction of Mercury and 
Venus, and their passage would be right across his centre, if their 
orbits were co-incident with the ecliptic. But on account of both 
their orbits being inclined several degrees to the ecliptic, they are 
never seen to cross the sun’s disc but when they are very near any 
of their nodes at the time of their inferior conjunction, which is very 
seldom the case. At all other times they pass either above or below 
the disc of the sun. The transits of Venus succeed each other at the 
intervals of eight and one hundred years alternately. 

, The planet Mercury is so much immersed in the son’s* rays, that 
few observations can be made upon him. It is« therefore, almost 
impossible to observe points of unequal splendor on his disc ; and yet 
certain periodical inequalities have been observed in the horns. of the 
disc. This circumstance has led some astronomers to conclude, that 
Mercury has a revolution on his axis as well as the planets Venus, 
Mars, Jupiter, and Saturn, each of which has had its revolution on 
its axis determined by the same means i namely, the motion of cer- 
tain spots, distinguished by the colour or intensity of their light from 
the other parts of the planetary disc. 

The astronomer Shrocler, by continued observations on the horns 
of Venus, and attending to the variations in the appearance of some 
luminous points near the edges of the unenlighted patrta, has not only 
ascertained that Venus has a revolution on its axis, but that its. surface 
is diversified with mountains of very groat height. The following 
figure, A, represents Venus according to HerscheU fixiid B and C 
according to Shroeter; they are, however, inverted. .y 



The extreme difficulty^ however^ of seeing tliO spoUii bV tMs 
even with the best telescopes, in onr cliiiiate» prevents such observa- 
tions from being so often related as c^td be wished. ' ln;point of 
brilliancy, Venus surpasses all die bdiet planets. On bccar 
sions it y so bright as to bV neen in full day by the naked eye. 
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I'lie ^ibbidus Hp|>earance, and spheroidical fif^are of Mar'i, couUI 
rie\er havo Wn discovered ivlthottt the assist uice Of very powtifu! 
felescopcs; for, as uve have already remarked, the true figure ol 
this planet unknown ttd the time of Di. Herschel. But the in* 
dustry and inG(;ciinity of this celebrated astron )nier, in constructing 
telescopes of the most powerful kind, and maktnj]^ observations with 
them, has not only ascertuned the real fip^ure of this planet, but also 
of almost all the other planets ; and by the spots which he discoi on d 
near the pbles of Mars, he has been enabled to settle the inclination 
of Its axis to the plane af its equator, and consequently to ascertain 
Us change of seasons. The following figuros, A, B, C, and D, re- 
present this planet as seen by Dr. Herschel, with his best tele- 
scopes • — 



From these discoveries it appeals, that the analogy between Mars 
and the J'^arth is greater than between the Barth end any otlier 
plane t of the solar s> stem. Their diurnal motion is nearly the same , 
the obliquity of their respective ecliptics, on whii h the seasons de- 
pend, a«‘e not veiy diif< rent; and of all the supeiioi planets, the dis- 
tancl of Mais froiii the hun is by far the nearest alike to that ot the 
Barth ; nor is the length of its year very different from ours, when 
compared with theycrfra of Jupiter, Satuin, and Uranus 
The telescopic appearance of the planet JupiUr having been 
pretty fully treated of at page 30, little more remains to be said re- 
specting It. ith a telescope of a veiy moderate power, the disc of 
Jupiter appears nearly as large as the Moon ; aid though the surfame 
b€ diversihed by regular and parallel belts, yet it appears mucii 
smoother than that of the Moon The following figures, A and B 
exhibit the appearance of this planet as seen by Herschel with ^s 
best telescope. 
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Thf «atelliU's u'htch altt'nd cannot be |N‘io<i\o<I uitliont 

the atd oi <i telescope M^hich niaauiHc^ at least tbuljr times » but M^ith 
one wtndi inai^nifies tifty tunes, they may be scn>n most c(i^tiuctl>. 
Ilie U'hsrope bv \ilmh they Moie tirst discovmfl m»£vtiitieil thirty 
two times ; but it required many observations, and guat dUcntiun to 
tlieir reiiiti\( Mluatiems, to disttnuuish them ftom small stars with 
Hiieli u sin ill pow(.r. \\ hen the satellites are about to r^e bid bebmd 
thebodj ol Jupiter, they arc often ediserved to disappear, though at 
some (lthfain( fioin the planet; and the third and fourtli sometimes 
re-appear em the same side e)f the disc. 

The onl\ e ause w Ine h ran be assigni (1 for these disappearances is 
the conical blindow which Jupiter casts behind him; lor the satel- 
lite's nii* alwajs obse rved to disappear on that side of the disc oppo- 
site to the sun, and oeinse epicntly on tlie same side to which the co- 
nical shadow 18 i^ieqeeted. 

Anothei proot ni this being the eauso is, that they are eclipsed 
nearest to the disc wluii Jupitei is neiiiest to his opposition ; and the 
duration of tlifs^ (clijisis answers precisely to the time which they 
fthoiihl employ to pass through the conical shadow of Jiipitei/ 

Aiiothn smmiiir appearance in the satellites has bccMi remaikod 
by l)i. II< tsdiel ; which is, that the same satolhTe is more Ininiiioiis 
at one tiiiu' than anotbi i, and tht^he period of these changes is for 
eadisitdliti the satiic with the tiw of its revolution about Jupiter . 
hi nee In has inf eiied, that i ach of Sic satellites revo^yes on its axis 
in the s mil time that it revolves r«£nd Jupiter, which is well kuowm 
to be the law that the moon observes in Us revolution. 

Of all the wmdcifiii and cxtiaordiiiaiy appearancc8 exhibited by 
the heavenly bodies, which belong to the solai system, when viewed 
by a powuiul telescope, those which the planet Saturn cxhibiU are 
the most to be admiied. 

The appearance of this planet. When examined with a poweifiil 
telescope, is not only singular and wonderful!, but it is one of the 
mbst beautiful eights which ore to be scon in the 

heavens. The its belts and spots, ib an luterest- 

jhig objci t; but Wm|||H|K^t a time that the ring is most conspi- 
cuOiib, till* elleciyiH^pprly grand and beautiful. But, having 
already guru an ^mHlrof the appearance and changes which the 
riiigiindngoi s, as woll as a description of the other phenomena be- 
longing to tins extruordmary plakt^,iittlc remains to be said respect- 
ing It here. shall, howav#, give a representation of this 

planet, as observed by Dr. Hersekd, on various occasions, Ivith his 
luostpoweitul tele^copi. 


^ \\ hen Jupiter, or Sfiy of 8^|>efhf fdanets, in oppositfon to the gun, 
iIh V in* lUtMi tit IcHst (I^Vuips greatNsst whoa in con- 

juni t ion w ith him , but With ^ nftrwr plaoetg. 
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On account of the great distance of this planet from the sun, if 
appears much fainter than Jupiter; AV'ith the naked eye it can 
scarcely be discovered, except when the sky is very ricur. 

I'he real fc»vm of the riiiir Ims not yet liecn uccunitcly determined, 
AT lion .seen in flic most favourable position, it appears of uii oval or 
ecliptic form; but supposing it circular, its breatilh bus betm deter- 
mined to bo about oi.e-third of the diameter of the. plam^t. 

Tile planet Uranus, being so immensely distant from tlie 4'nilli, 
and from the sun, ^vhich iliuininatcs him, ho cannot be discovered at 
all Without the assistance of the teleampfi; of course, all that uc 
know of this planet we owe to the powerful tek'S(:op(‘s ami perse- 
vering industry of its discoverer, J>r. Merschel. JJut, having alreafly 
etatecl the result of the Doctor’s obscr^^ations ou this plaurt, «t 
page *29, as well us his more recent of isorvat ions on its satellites, ut 
the begiuniiig of this article, nothing remains to f>e said of thorn here. 


OF COMETS. 

Hast thou ne’er seen the Comet’s flaming flichl ? 

Th* iliusirious stranger, passing, terror siieds 
On gasiing nations, from liistiery train, ^ 

Of lengtii enormous ; takes his ample round 
Through depths of cUier ; coasts uiinuinbcrM ; worlds 
' ♦ Of more than solar glory ; doubles wide 

Heaven’s mighty cape, and then revisits earth. 

From the long travel of a tbousund years. 

Yohno. 

Besides the planets just described^ which are always ncorly at the 
same distance from the aiih, aud^ wUhiiii out view, there are othm* 
bodies belonging to the solat system called Comets^ which seldom 
come; within otir view. In their appearance, the comets are very 
remarkifble, being generally ^sttrroniided by a faintly luminous va- 
]>our« f^ybich the name of coma bas been given. As tlie comet 
apprOabhj^' sun, the coma becomes brighter, and at length shoots 
out hito a io^tratn of transparent vapours, which always 

'i^ep in a direetioii Opposite to the sun, and is called i|ie tail of 
seomet. Wl^n a comet makes its appearance, it is only for a very 
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short period, seldom excoi^diiig a few months, and sometimes only a ' 
fewM^ecks. Instead of moving; from vmt to eastf like the planets, in 
orbits making small angles with the ecliptic, they are observed to 
cross it at ail angles. Their progress among the fixed stars is in gc* 
neral more rapid than that of the planets, and their change of appa- 
rent magnitude is much more remarkable. When a comet retires 
from the sun, its tail decreases, and nearly resumes its fir«t appear- 
ance. Those comets which never approach very near the isun have 
nothing but a coma, or nebulosity round them, during tlie whole 
time of their continuance in view. 

The tail of a comet is always transparent; for the stars are ofieii 
distinctly visible through it; and it has even been said, that, on some 
occasions, tliey have been seen through the micleiis, or head. The 
length and form of the tail are very difierent : somerimes it extends 
only a few degrees, ut others it extends more than DO degrees. In 
the great comet that appeared in the yeor 16B0, the tail subtended an 
angle of 70°; and the tail of tl»e one which apf)eared in lOUi, an 
angle of 104°. The tail sometimes consists of diverging streams of 
light; that of the comet which appeared in the year 1744 consisted 
of six, all proceeding from the head, and all a little bent in the same 
direction. 

'I'he tail of the bcairtiful comet which appeared in 1811 was com- 
posed of two diverging beams of faint light, slightly coloured, which 
made an angle of 15^ to 20 \ and sometimes much more. Both of 
these were a little hent outward, and the space between them was 
com part! ttvely obscure. 

The apparent ditferetice in the length and lustre of the tail of 
comets has given rise to a popular division of tliese singular bodies 
into three kinds ; viz. bearded, tailed, and hairy comets ; but this 
division rather relates to the .several circumstances of the mmc 
comet, than to the phenomena of different ones. Thus, when the 
comet i.s east of the stin, and moves Jram him, it is said to be 
bf'arded, because the light precedes it in the manner of a beard ; 
when the comet is west of the sun, and sets alter him, it is said to be 
tailed, because the train of light follows it in the manner of a tail ; 
and when tlio sun and comet are diametrically opposite, the earth 
being between them, the train or tail is all hid behind the body of 
the comet, except the extremities, which, being broader than the body 
of the comet, appear to surround it like a border of hair, and on this 
account it is called hairy. 

But there have been several comets observed, whose disc was as 
clear, round, and well defined, as that of Jimiier, without either tail, 
beard, or coma. The magnitude of comets hhs been observed to be 
very different; many of them without Uietr epmn hove appeared no 
larger than^ stars of the first magnitude ; but some authors have given 
IIS accounts of otheea* which appeared much mater. Such waa the 
that appeared in the time of the Emperor Ni$vo, wliich, as Seneca 
^ates, was not inferjiQr in apparent mi^itude to the $un hiiiedf. 
The comet whicli Hevelius dsiser^'ed, inviho year lS52j, <iid not se^. 
to he less than the moon, though it was^gefimeiit in splendor r for it 
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had a pale, dim light, and appeared with a dismal aspect. Mttst 
Comets have dense and dark atmospherc^s surrounding' their bodies, 
which weaken the sun's rays that fail upon them ; but within thest* 
appears the nucleus, or solid body of the Comet, which, when the 
sky is clear, will oticii give a more splendid lixht. 

Uespecting the nature of these singular and extraordinary bodies, 
philosophers and astronomers to ail ages and coiinlrios have been 
very much divided in their opinions* The vulgar hiive, however, 
invariably considered tliem as evil omens^ and forerunners of war, 
pestilence, famine, ; and to adopt the language of an old poet : 

« Theb1»zintr star was viewed— 

ThreaCiiing the world with famine, plague, and war; 

To princGB death ; to kingdoms many crosses ; 

To all estates inevitable losses; 

To herdsmen rot ; to plotigknmn hapless seasons ; 

To sailors storniB.; to cities civil treasons*^' 

The Chaldeans, who were eminent for their astronomical rosearcliea, 
were of opinion, that Cotnets were lasting bodies, which hud statc^d 
revolutions as w'oU as the Planets, hut in orbits considerably more 
extensive, on which account they are only visible while near the 
earth, hut disappear again, wdicn they ascend into the higher 
regions, — INthagoras tatight, that Comets were wandering stars, 
disappearing in the superior parts of their orbits, and becoming 
visible only in the lower parts of them. Some of the ancient philo- 
sophers supposed, they were nothing else but a reflection of the 
beams from the sun or moon, and generated as a rainbow; others 
supposed they arose fmm vapours and exhalations. 'Fhe illnstrioii.s 
Aristotle w%s of opinion they were meteors. Modern philosophers 
have been equally perplexed as their predecessors in accounting for 
the nature of these Inagnitieent celestial appearances. The eccentric 
but Itarned Paracelsus gravely affirmed that they w^ere formed and 
composed by angels or spirits, to foretel some good or bad events. 
Kepler, the coletirated astronomer, asserted dial Comets were inon^ 
sters, and generated in the celestial spaces, by an animat faculty ! 
The sentiments of Hodin, a learned French writer of the Iflth century, 
were yet more absurd ; for he maintained, that Comets are spirits 
which have lived upon the earth innumerable ages, and being at last 
arrived on ike conhoes of death, celebrate their last triumph, or are 
called to the firmament like shining stars f 

James Bernoulli, a celebrated Italian pliilosoplior, formed a rational 
conjecture relative to Comets in viewing them as the satellites of some 
distant planets, invisible on tbe earth on account of its distance, 
as were also the satellites, unless when in a certain part of their 
course. Tycho Brahe, the illustrious but unfortunate philosopher of 
Denmark, supported a true hypothesis on this subject; he averred, 
*hat a Comet had no sensible diurnal parallax, ami therefore was not 
only above the regions of qiir aimospbere, but much bigber than 
the moon;> that few have come so near the earth a# Ur have any 
diurnal 
lion of 


rallaxj, yet all Comets have an annnal petram^^ the revolu- 
eat1b.M their oi4>it, cauitf their apparent motion to be 
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very different from what it would be, if viewed from the sun, which 
demonstrates that they are much nearer than the fixed stars which 
have no such parallax. 

Descartes advanced aothcr opinion, which is, that Comets arc 
only stars, that were formerly fixed like the rest, but becoming gra- 
dually covered with maculae or spots, and at length wholly deprived 
of their light, cannot keep their places, but are carried off by the 
vortices of the circumjacent stars ; and in proportion to their mag- 
nil nde and solidity, moved in such a manner, as to be brought nearer 
to the orb ol' Saturn; and thus coming wHhin the reach of the suii^s 
light, arc visible. 

The absurdity of most of these hypotheses is now proved by the 
obMcrvatioriK which have been made on those bodies, by the celebrated 
astronomers who have lived since the time of Descartes ; and parti- 
cularly by cjur countrymen, Dr. Halley and Sir T. Newton. According 
to the theory of Newton, the Comets are compact, solid, and durable 
bodies ; in fact a species of planets, which move in v(Ty oblique and 
ccc^diitric orbits, in every direction, with the greatest freedom ; per- 
severing in their motions even against the course and direction oi the 
platiot. 

The number of Comets which have been observed and recorded 
with more or less accuracy, exceed 350 ; but not one-third of these 
have been observed with such accuracy as to allow the elements of 
their orbits to be ascertained, f Dr. H^ley, following the theory of 
Ne^irtoii, set himself to collect all the observations which had been 
made on Comets, and calculated the elements of 24 of them. And 
by computations founded on these elements, he concluded that the 
Comet of 1682, was the same that had appeared in L607, 1531, and 
1456 ; that it had a period of 75 oi *0 years ; and that it might, of 
coiira*, be expected to appear again about the year 1759, which it 
actually did. It therefore could be no longer doubted, that the 
Comet observed in each of these years was the same, although its 
appearance was very different. * When it appeared in 1531 , it was of 
a bright gold colour ; in 1607, it was dark and livid ; in 1^2 it was 
bright ; and in 1759, it was faint and obscure. The return of some 
of the other Comets is probable, though not certain. 


* Bsscartes supposed that every thing in the universe was formed from very 
minute bodies called atoms, which had been floating in open sp^e. To each 
atom he attributed a motion on its axis ; and he also maintained that there was a 
generfd motion of the whole universe round like a vortex ov whirlpool. In the 
centre of this vortex was the sun, with all the planets chreutating round him, at 
difTerent distances ; and that each star was also the centre of a general vortex, 
round which Its planets turned. Besides these general VortiM, each planet had 
H vortex of its own, by which its satellites (if it had any) were whirled round, 
and any other body that came within its reach ! 

t The elements of a planet or comet ^e, 1st. The inclination of the 6dbit;. 
2d. The positioifof the Tine of the nodes; So. THe longitude of the peribglipn; 
•fth. The perihelion distance fidm the sun; SCl|.'Tho timewhen a planetdir^dhiet 
IS ill its perihelion ^ r ' . 
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The great Comet of 100(1, was supposed by Dr. Halley to have a 
period of 575 years, and to be jLfae same that appeared a little before 
the death of Julius Osesar,. in the year 44 A.C. ; again in the reign 
of Justinian, in the year 501 P.CT.; and in 1106, in the reign of 
Henry f. \At all of these periods, appearances of a great and ter- 
rible Comet are recorded, but no such observations Imve been made 
on them as to ascertain their cfcmeitls. ^ 

The Comet of 1680, just mentioned, approached ncarf^r to the sun 
than any other that is known# At its perihelion, its distance from 
the sun was only ,iath part of the eartli’s, or about 572,000 miles, 
whilst its aphelion distance is stated by Sir 1. Newton to be not less 
than 11,200,000,000 miles. It descended, to the sun with a velocity 
of 800,000 miles per hour, almost perpendicularly, and ascended in 
the same manner, remaining in sight for four months ! 

Some Comets have come very near the earth, particularly one 
which appeared in 1472, and another in 1760, The former of these, 
it is said, moved over an arc of 120^ in one day, and the latter 4I<^' in 
the same space of time. These extraordinary changes can scarcely 
be accounted for on any oilier principle but their proximity to the 
earth. 

It appears that Comets contain very little matter ; for in the year 
1454, one appn^ached so near the earth, that it is said to have 
eclipsed the moon ; and yet it produced no sensible cllects. Neitiior 
did those just mentioned. And in 1770 a Comet approached very 
near to the satellites of Jupiter, without producing any derangement 
of these bodies. 

it has, however, been supposed by some astronomers, that too 
near an approach of a Comet to any other planet, might be produc- 
tive of very great changes in the system to which they belong. The 
celebrated Mr. Whistoii and other eminent writers have indulged an 
idea tliut the dissolution of this globe by (ire will be occasioned by the 
near approach of a Comet which will cause the general contiagratioii. 
Hiis .supposition is assuredly worthy of due consideration, and 
appears founded on the basis of smind reason. 

Whatever difference of opinion prevails among the various sects 
professing the Christian Faith, diey all unite in believing that, at the 
final consummation of all things, a general conflagration will take 
place, and that this earth will be destroyed by fire. Our Lord, in 
describing the awful scenes of the last judgment, observes, tiiat 
** the powers of Heaven shall be shaken/^ Luke, xxi. 16. Now if a 
Comet, in its revolution, should approach too near the orbit of 
another planet, and a derangement of the order of the ftcaveoly bo- 
dice ensue, those powers must be shaken. Therefore in ^js point 
of view Comets are particularly catenated to impress a serious and 
religious awe, but not a superstitious fcar^ on every spectator. 
They forth in the Heavens^ not as signs of approaching events, 
either of good or evil, but to ws^ us of 6ie final dissolution of this 
globe on which wn dwell by such a phenomenon. He who hath 
placed his bow in the cloud to testify that the lyorld shall no inf>re 
be destroyed by water, has also appointed those extraordinary 
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bodies to illimiinate the firmament, to demonstrate that by the 
dgeney of a Comet "the earth and all (iiat is therein shall be , 
burnt up. 

This hypothesis, supported by so able a mathematician, and 
learned a man, as Mr. Whiston, while it is in perfect congruity with 
true philosophical principles, is neither founded on tlie basis of 
Ignorant superstition or wild enthusiasm, but culculated to promote 
moral and religious improvement. 

At Ilia command affrighiing human kind, 

Comets drut; on their btazinjiC lenj^ths behind : 

Nor as we think, do they at random rove, 

Hut in determined times, through long ellipses move: 

And though sometimes they near approacdi the, sun, 

Sometimes behind our system^a orbit run ; 

'riiroughout their race they act tlieir Maker's will. 

His power declare, his purposes fulUl. Baker. 

The conjectures which have been advanced by several celebrated 
astronomers respecting the nature and cause of the tail which usually 
accompanies a Comet, are not only curious, but plausible and 
ingenious. Tycho Brahe, who was the first that gave the Comets 
their true rank in the creation, supposed that the tail was occasioned 
hy the rays of the sun passing through the head, or nucleus of the 
Comet, which he believed to be transparent, KepUir thought that it 
was the atmosphere of the (hnnet which was driven behind it by the 
force of the solar rays. Sir Isaac Newton maintained that the tail 
was a thin vapour, ascending by means of the suifs heat, as smoke 
does from the earth.* Euler supposes that the tail is produced by 
the impulse of the solar rays driving off the atmosphere from the 
Comet. The late Dr. Ilarniiton, of Dublin, supposes them to be of 
electric matter. 

Notwithstanding the ingenuity and even probability of some of 
those hypotheses, yet there is little in any one of them to entitle it to 
preference above the others ; and till multiplied observutiotis shall 
have added to the imperfect knowdedge which we at present possess 
of these bodies, it is perhaps better not to give a dexiided preference 
to any of them. For as Dr. Herscbel very justly observes, “ Many 
of the operations of Nature are carried on in her great laboratory 
wliich we cannot comprehend ; but now and then we see some of the 
toals with which she is at work. We need not v^iider that their 
construction should be so singular as to induce us to confess our 
ignorance of the method of employing them, but^ we may rest assured 
that they are not mere ius^^8 natune, I allude to i{[fe great numlier of 
small telescope Comets, that have been observed'; and to far 
greater number still, tliat are probably much too small for being 
noticed by our most diligent searchers after them. Those six, for 


* It is evident that this hypothesis is foanded on the supposition which then 
pre^niled, that the sun was a body of Jire; but as the truth of this supposition is 
now doubtiHi by most philosophers, aud abandoned by many, the hypotheids of. 
Newton on this subject does not now meet with mstny advocates. 



OF TUB MOON. 


53 


instance, which my sister has discovered, I can, from examination, 
ailtrfu, .had not the least appearance of any solid nucleus, and seemed 
to be mere collections of vapours condensed about a centre, b'ive 
more that'l have also observed, were nearly of the same nature. 
This throws a mystery over their destination, which seems to place 
them in the allegorical view of tools, probably designed for some 
salutaiy purposes to bo wrought by them ; and, whether the restora* 
tion of what is lost to the sun by the emission of light, may not be 
one of these purposes, I shall not presume to determine. The motion 
of the Cornet discovered by M. Messier, in June 1770, plainly indi* 
cated how much its orbit was liable to be changed, by the perturba- 
tion of Uie planets ; from which, and Ure little agreement that can bo 
i’ouiui betwiKiii the elements of the orbits of all the Comets that have 
been observed, it appears clearly that they may be directed to carry 
their salutary inthience to any part of the heavens.” 

To shake 

Reviving moisture on the numerous Orbs 
Through which his long ellipsis winds ; perhaps 
To lend new fuel to declining Suns, 

To light up Worlds and feed tli* eternal fire.*' 

Thomson. 


OF THE MOON. > 

Next to the Sun, the Moon is the most remarkable of ail the 
heavenly bodies, and is particularly distinguished by the periodical 
changes to which her tigure and light are subject. 

Among the ancients, F^a >, or the Moon, was an object of very 
great respect. By the Hebrews she was more regarded than the 
Sun : and it appears they regulated their time by her motions and 
appearances. The new moon, or first day of, every month, was 
observed as a festival among them, which was celebrated with sound 
of trumpets, eiilertaiiiments, and sacrifices. In the Bible, the 
Moon is mentioned under several names, as the Queen of Heaven, 
the Goddess of the Zidonians, and the abomination of the Zido- 
iiians, because she was w^orshipped by the iiihabitariU of ZiiJon or 
Sidon. The ancient bards and poets have also celebrated the praises 
of the Moon under various appellations; as Cynthia, Cyllene, 
Phmbc, Silver Queen of Night, Queen of the Silver Bow, <lc. 

Sister of Phoebus, geotio queen, 

Of aspect mild and ray serenv ; 

W'hoae friendly beams by irifht appear, 

The lonely traveller to cheer ! 

The Moon is not a primary planet, 'but a secondary or satelliio, 
which revolves round the eartn, and accompanies it in its annual 
revolution round the sun. The mean time of a revolution of the 
Moon round the earth, or the time between two successive coiijonc- 
tipns, is 29 days, 12 hours, 44 minutes ; but the time she takes to 
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periorm a revolution round her orbit, is only 27 days, 7 hours, 43 
minutes. The former of these periods is called the Synodical, and 
the latter the Periodical revolution. The dtlFercace between these 
periods is occasioned by the motion of the earth in tiie ecliptic ; for 
while the Moon is goin^ round the earth, the earth advances about 
in the ecliptic, which is nearly per day ; and, therefore, the 
Moon must advance 20^ more than a complete revolution round her 
orbit, before she can overtake the earth, or be again in conjunction 
with the sun, which will require 2d. 5h., her daily motion being 
about 13 degrees. 

Of all the celestial bodies, the Moon is the nearest to the earth, 
her mean distance being only 240,000 miles, which is scarcely a 
four hundred part of the sun's distance from the earth; but her 
apparent size is nearly equal to that of the sun, she must therefore 
be a very small body compared with the sun. Uer diameter is only 
about 2161 miles; and, therefore the earth is about 48^ times 
greater ; but the density of the Moon is said to be to that of the 
earth as 5 to 4, conseciuently the quantity of matter contained in the 
earth is only about 39 times that contained in the Moon. 

Although the Moon moves over a very considerable portion of her 
orbit in the course of a day, yet on account of its smallness her 
hourly motion is only about 2200 miles, which is only about ^th part 
of the space passed over by the earth in the same time. 

But in ell lu;r motions, the Moon is subject to great irregularities, 
which arise from tlie eccentricity of her orbit, and her proximity 
to the earth. The eccentricity of her orbit, as determined from 
the latest and most accurate observations, is 12,960 miles, or 
nearly /^th part of her mean distance ; of course she is about Jlh part 
nearof the earth on some occasions than at others. 


PHASES OP THE MOON. 

By Thy comuiand the Moon, as daylight fades, 

Lifts tier broad circle in the deep'oing shades ; 

Arrayed in glory, and enthroned in light 
She breaks the solemn terrors of the night; 

Sweetly inconstant in her varying damp 
She changes still, another yet the same ! 

Now in decrease by slow degrees she shroudf. 

Her fading lustre in a vale of clouds ; . , . 

Now of increase, her gathering beams display , 

A blaze of light, and give a paler day. 

Ten thousand stars adorn her glittering train, 

Fall when she falls, and rise with her again. Broome. 

V 

Although the phasea of the Moon are among the moat frequently 
ot>soTved phenomena of the heavens, yet they are also among the 
most wonderful. But on account of the frequency and regularity of 
tlie changes in the appearances and situation of this beautiful ol^ect, 
the cause of these phendmeiia are perhaps less thought of by ordinary 
observers, than if they were less frequent. The Moon being an 
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opaque spherical body, which appears luiainous oaly in consequence 
of reflecting the liglit of the snn; can only have that side illuminated 
which is at anytime turned towards t^ sun, the other side remaining 
in darkness ; and as that, part of her can only be seen which is 
turned towards the earth, it is evident that we must perceive dlflcreiit 
portions of her illuminat^, according to her various positions with 
respect to the eai:th and sun. 

At the time of conjunction, or when, the Moon is between the 
earth and the sun, she is then invisible on the earth, because her 
enlightened side is then turned towards the sun, and her dark side 
towards the earth. In a short time after the conjunction, she appears 
like a flue crescent to the eastward of the sun a little after^he sets, as 
represented by the following figure* 



This crescent begins to All up, and the illuminated part to increase, 
as she advances in her orbit; and when she has performed a fourth 
part of a revolution, she appears to be half illuminated, and is then 
said to be in her first quarter. After describing the second quadrant 
of her orbit, she is then opposite to the son, and shines with a round 
illuminated disc, which is called full moon.* Her appearance at tliis 
time is very accurately represented by tlie following figure. 


* At the time of faU Moon, the Moon appears to foe as largo as the son ; for 
the angle under which tlte Moon appears when viewed from the earth, is the 
same as the angle under which the son appears, and therefore the Moon may 
bide the sun’s whole disc from us, as she wraetimes does in solar ecli|fses, 
which SCO. 
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It is necessary, howercr, to. remar , jjj-jjggt or lowest part 
appear perfectly round when she w u her enlightened 

of her orbit; becauM we *?*'•''«" part of her orbit, a small 

side at that time. When /«« m Um Mg^ P^, _ , fyu 

deficiency appears on her lower edge ; and the cotthary. wn / 

in the Imcst part of her orbit M.«jiia\lv as she moves 
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Between the third quarter and change^ the Moon is frequently 
visible in the forenoon, even when the sun shines; and then she 
affords us an opportunity of seeing a very agreeable appearance, 
wherever we find a globular stone above the level of the eye, as sup- 
pose on the top of a gate. For, if the sun shines on the stone, and 
wc place ourselves so as the upper part of the stone may just seem 
to touch the point of the Moon s lowermost horn, we shall then sec 
the enlightened part of the stone exactly of the same shape with the 
Moon ; horned as she is, and inclined the same way to the horizon. 
The reason is plain ; for the sun enlightens the stone the same way 
as he does the Moon : and both being globes, when wc put ourselves 
into the above situation, the Moon and stone have the same position 
to our eyes ; and therefore we must see as much of the illuminated 
part of the one as of tlie other. 

The position of the Moon’s cusps, or a right line touching the 
points of her horns, is very differently inclined to the horizon at 
different hours of the same days of her age. Sometimes she stands, 
as it were, upright on her lower horn, and then such a line is porpen- 
dicdlar to the horizon; when th's happens, she is in what the 
astronomers c?aU the NanagcHimal Degree ; which is the highest point 
of the ecliptic above the horizon at that time, and is SiMl degrees from 
both sides of the horiz<m where it iis then cut by the eeUptic. But 
this never happens when the Moon is on the meridian, except when 
she is at the very beginning of Cancer or Capricorn. 

The inclination of that part of the ecliptic to the horizon in which 
the Moon is at any time when homed, may be known by the position 
of her horns ; for a right line touching their poiiils is peipendicular to 
the ecliptic. And as tlie angle which the Moon’s orbit rriakts with 
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the ecliptic can neyer raise her above, nor depress her below, the 
ecliptic, more than two minutes of a degree, as ^en from the sun, it 
can. have no sensible effect upon the position, of her horns. There- 
fore, if a quadrant be held up, so as one of its edges may seem to 
touch the Moon’s horns, the graduated side being kept toward the 
eye, and as far from the eye as itxan be conveniently held, the arc 
between the plumb-line and that edge of the quadrant which seems to 
touch the Moon’s horns, will shew the inclination of that part of the 
ecliptic to the horizon. And the arc between the other edge of the 
quadrant and plumb-line, will shew the inclination of a line, touching 
the Moon’s horns, to the horizon. 

These various phases plainly demonstrate that the Moon does not 
shine by any light of her own ; for if she did, being globular, she 
would always present a fully illuminated disc like the sun. That the 
Moon is an opaque body, is not only proved from her phases, but 
also by the occultation of stars, for her body often comes between 
the earth and a star, and while she is passing it, the star is hid from 
Our view. 


MOTIONS OF THE MOON. 

The nei$;hbouring moon her monthly round 
Still ending, still renewing, through mid heaven, 

With borrowed light her countenance triform ;* 

Hence fills and empties to enlighten th' earth, 

And in her pale dominion checks the night M i ltd n . 

It has already been remarked, that the motions of the Moon are 
very irregular. The only equable motion she has, is her revolution on 
her axis, which is completed in the space of a month, or the time in 
which she moves round the earth. Inis has been determined by the 
important and curious circumstance, that she always presents the 
same face to the earth, at least with very little variation. But as her 
motion in her orbit is alternately accellerated and retarded, while 
that on her axis is uniform, small segments on the east and west 
sides alternately appear and disappear. This occasions an apparent 
vibration of the Moon backwards and forwards, which is called her 
librattm in longitude.' 

A little more of her disc is also seen towards one pole, and some- 
times towards tlie other, which occasions another waveriw or vacil- 
lating kind of motion, called the libnUian in latitude. Thin shows 
that the axis of the Moon is notucacUy, though neatly, pe^endicular 
to the plane of her orbit ; for if the axis of the Alodii Were exactly 
perpendicular to the plane of her oibit, or if her equator coindded 
with that plane, we should perceive no other libratton than that in 
longitude. 

When the place of the Moon is observed every night, it is found 


* Tnrroasing with horns towards the oast ; decreasing with horns towards the 
west ; and at tlw fulU 
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that the orbit in which aha performa her revolutions round the oarth» 
is inclined to the ecliptic at an anj^e of 5^ 9' at a inean rate ; this 
angle is not only subject to some vAiiation^ but the very orbit itself 
Is changeable, and does not always preserve the same form : for 
though it is elliptical, or nearly So, with the earth in one of the foci, 
yet its eccentricity is subject to some variation, being greater when 
the line of the apsid^ coincides with that of the gyztfgm, and least 
when these lines are at right angles to each other. But tiie eccen- 
tricity is always very considerable, and, therefore, the motion of the 
Moon is very unequal, for like all other planets, it is quickest in 
perigee and slowest in apogee^ At a mean rate she advances, in 
her orbit, 13^ 10' per day, and comes to the meridian about 43 
minutes later every day. As the Moon’s axis is nearly perpendicu- 
lar to the plane of the ecliptic, she can scarcely have any change of 
seasons. But what is still more remarkable, one half of the Moon 
has no darkness at all, while the other half has two weeks of light 
and darkness alternately. For the earth reflects the light of the Sun 
to the Moon, in the same manner as the Moon does to the earth ; 
there fore, at the time of conjunction, or new Moon, one half of the 
Moon will be enlightened by the Sun, and the other half by the 
earth: and at the time of opposition, or full Moon, one half of the 
Moon will be enlightened by the Sun, but the other half will be in 
darkness. The earth also exhibits similar phases to the Moon to 
what she does to the earth, but in a reverse order, for when the 
Moon is/ttW, the earth is inmnbkio the Moon; and when the Motm 
is newy the earth will appear to be full to the Moon, and so on. It 
has been already mentioned, that the Moon always presents the same 
face to the earth, from hence it is inferred, that one half of the Moon 
can never see the earth at uU ; whilst from the middle of the other 
half it is always seen overhead, turning round almost thirty times as 
fast as the Moon does. 

From the circle which limits our view of the Moon, only one half 
of the earth’s side next her is seen, the other ii'alf being hid below the 
horiiicm of jil places on that circle* 

To the Mooiii the earth seems to be the largest body in the uni- 
verse, for it appears about thirteen times greater than the Moon does 
to the earth* 


OF THE HARVEST MOON. 

It has long been known that the Moon when full, about the time 
of harvest, rises for several nights neatly at the time of Sun setting ; 
but the cause of this remarkable phenomenon has not been so long 
known. This appearance was observed by the husbandman long 
before it was noticed by the Aattonomer ; and on account of its bene- 
flcial effects in affording a supply of light immediatety after 8un-sct, 
at this important season of the year, it is called the Harve$t Moan. 

In order to conceive the reason of this phenomenon it must be 
recollcGted, ibat the Moon is always opposite the Sun when she is 
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full, and of course in the opposite sign and degree of the zodiac. 
Now the Sun is in the signs Virgo and Libra in August and Sep- 
tember, or the time of harvest ; and therefore the Moon when full, 
ill these months, is in the signs Pisces and Aries. But that part of 
the (‘cliptic in which Pisces and Aries is situated makes a much less 
angle wilh the horizon of places that have considerable northern 
latitude, than any other part of the ecliptic, and therefore a greater 
portion of it rises in any given time than an equal portion at any other 
part of it. Or, which is the same thing, any given portion of the 
ecliptic about Pisces and Aries rises in less space of time than an 
eijual portion of it does at any other part. And as the Moon’s daily 
motion in hpr orbit is about 13", this portion of it will require less 
time to rise about those signs, than an equal portion at any other 
part of the ecliptic ; consequently, there will be less difference 
between the times of the Moon’s rising when in this part of her orbit 
than in any other.* 

At a iiieaii rate the Moon rises 50 minutes later on any evening 
(ban slit: did the preceding evening; but when she is full about the 
bi^giiniiiig of Septt'inber, or when she is in that part of her orbit 
wliicli rises with tlic signs Pisces and Aries, she rises only about 
](> or 17 iiiiiiiites luier than on the preceding evening; consequently, 
she will seem to tise for a few evenings at the same hour. 

Although this is Iho case fivery time that the Moon is in this part 
of her orbit ; y<'t it is little attended to, except when she happens to 
be full at the time, which can only be in August or September. 

In some years this phenomenon is much more perceptible than in 
others, even although the Moon should be full on the same day, or 
in the same point of her orbit. This is owing to a variation in the 
angle which the Moon s orbit makes with the horizon of the place 
where the phenoinenon is observed. If the Moon moved exactly in 
the ecliptic, this angle would always be tlie same at the same time 
of the year. But as the Moon’s orbit crosses the ecliptic and makes 
an angle with it of 5" O', the angle formed by the Moon’s orbit and 
the huri/oii of any place is not exactly the same as that i^ade by the 
ecliptic and the horizon. Some years it is greater, and others less, 
even at the same time of the year; for it is subject to considerable 
variations, owing to the retrograde motion of the moon^s nodes, f 

I f the ascending node should happen to be in the first degree of 
Aries, it is evident, that this part of the Moon’s orbit will rise with 
the least possible angle, and, of course, any given portion of it will 
retjuire less time to rise than an ei^ual portion in any other part of the 
orbit. The most favourable position of the nodes for producing the 
most beneficial harvest Moons is, therefore, when the ascending node 


* It would tend very much to make this phenomenon understood, if a terres- 
triul ^lobe were ut hand, and rectified for the latitude of London, when reading 
this description. 

t Tiie mdes^ or points where the moon’s orbit crosses the ecliptic, move back- 
ward about lu ill a year, by which means they move round the ecliptic in 18 
years 225 days. 
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is in the first of Aries, and of course tlic descending in the first of 
Libra, When the iiod**s are in these points 13^ of the Moon’s orbit, 
about the first of Aries, rises in the space of 10 niinutes, in the lati- 
tude of London, and consequontly, when the Moon in this part of 
her orbit, the time dt* her rising will difier only 1C minutes front the 
time she rose on the preceding evening. When the Moon is in the 
opposite part of her orbit, or about the signs Virgo and Libra, wliich 
make the greatest angle with the horizon at rising, 13'-' of her orbit 
will require 1 h. l.V to rise, although it were coincident w ith the eclip- 
tic; and if the nodes be in the points just mentioned, the same por- 
tion of the orbit will require 1 h. 20' to ascend above the horizon of 
the same place ; and so much later will the Moon rist^ eve ry tiiglit for 
several nights when in this part of her orbit. As the Moon is full in 
these signs in the months of March and April they may be called 
virttal full Moons, 

Those signs of the ecliptic which rise willi the greatest angle, set 
with the least ; and those that rise with the least, set with the greatest. 
Therefore, the vernal fidl Moons differ as much in their times of 
rising, every night, as the autumnal, or harvest, Moons differ in the 
times of their setting ; and they set with as little ditfereiicc of time as 
the autumnal ones rise^ supposing the full Moons to liappen in oppo- 
site points of the Moon’s orbit, and the nodes to remain in the same 
point of the ecliplie. 

Ill southern latitudes, the harvest Moons arc just as regular as in 
the northern, because the seasons are contrary ; and those parts of 
the Moon’s orbit about Virgo and Libra, where the vernal full 
Moons happen in northern latitudes, (and the harvest ones in southern 
latitudes) rise at as small an angle at the same degree of sonth lati- 
tude, as those about Pisces and Aries in north latitude, wlu-re the 
autumnal full Moons take place. 

At places near the Equator, this phenonienou <loos not fiappeii ; 
for every point of the ecliptic, and nearly every pciint of the Moon's 
orbit, makes the same angle with the horizon, both at rising and 
setting, and therefore equal portions of it w ill rise and set in iMpuil times. 

As the Moon’s nodes make a complete circuit of the ecliptic in JH 
years 22o days, it is evident, that when the ascending node is in the 
first of Aries at any given time, the descending one must he in the 
same point about 9 years ll'i days afterwards; consequently, there 
will be a regular interval of about 9^-ycurs between the most bene- 
ficial and least benefn ial harvest Moons. 


APPARENT SIZE OF THE MOON. 

It lias been already romurked at page 5f>, that the apparent size 
of the Moon is nearly equal to that of the suti ; but the apparent size 
of the Moon is not always the same, for she is often iiiucli nearer the 
earth at one time than another; hence, it is evident, her apparent 
magnitude must vary, and that it will be greatest when she is nearest 
tlie earth. (See page 54.) 
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But she appears larger when in the horizon than in tne zenitii even 
on the same evening ; and yet it may easily be proved, that she is a 
semi -diameter of the eartli, or about 4000 miles, farther from the spec- 
tator wlien she i| In the horizon than when she is in the zenith, and 
cons(;quently ought to appear smaller, which will be found to be 
really the case if accurately measured. 

This apparent increase of magnitude in the Iwrizmtal Moon, must 
therefore be considered as an optical illusion : and may be explained 
upon the well known principle, that the eye in judging of disUmt 
objects is guided entirely by the previous knowledge which the mind 
has acquired of the intervening objects. Hence arise the erroneous 
estimates we make of the size of distant objects at sea, of objects 
bcilow us when viewed from great heights, and of objects highly 
elevated wlicii viewed from below. Now when the Moon is neai the 
zenith, she is seen precisely in this last situation, of course there; Is 
nothing near her, or that can be seen at the same time with which her 
size can be compared ; but the IwrizoHlal Moon may be compared 
with a number ot objects whose magnitude is previously known. 

That the Moon appears under no greater an angle (or is not larger) 
in the horizon, than when she is on the meridian, may be proved by 
the following simple, experiment. 

Take a large sheet of paper and roll it up in the form of a tube, 
of such witUh as just to include the whole of the Moon when she 
ris('s ; then tic a thread round it to keep it exactly of the same size, 
and when the Moon comes to the meridian, where she will appear to 
the naked eye to be much less, look at her again through the same 
tube, and she will till it as completely as she did before. 

When the Moon is full and in the horizon, she appears of an oval 
form, with lier longest diameter parallel to the horizon. This appeur- 
nnee is occasioned by the refraction of the atmosphere, which is 
always greatest at the horizon, consequentJy the lower limb or edge 
nuisl be more refracted than the upper edge, and therefore these tw o 
edges will appear to be brought nearer each other, or the vertical 
diameter will appear to be shortened ; and as the horizontal diameter 
is very little affected by the refraction, she must appear to have some- 
what of an oval shape. The sun is affected in the same manner when 
hi the horizon. 

SPOTS, MOVNTAINS, &C. IN THE MOON. 


Turn'd to the sun direct, her spotted disk ^ 

Shows mountains rise, umbrageous dales descend. 

And caverns deep, as optic tube descries. Thomson. 


When the Moon is viewed Uirough a good telescope, her surface 
appears to be diversified with hills aiid valleys ; but Uiis is most dis-. 
cernable when she is observed a few nights. after the change or oppo- 
sition ; for when she is either Aomed or gibbous^ the edge about the 
confines of the illuminated part is jagged and uneven. 
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Many celebrated astronomers have delineated maps of the face of 
the Moon ; but the most celebrated.are those of HereKiis, Grimaldi, 
Riccioli, and Cassini ; in which the ^p^arance of the Moon is repre- 
sented la its different states, it(m new to fuU^ and from j'uU 
tomew, ^ 

The plate which we have given at page 56, represents the face of 
the Moon as viewed by the most powerful telescopes, the light or 
illuminated parts being elevated tracts^ some of which rise into very 
high mountains, while the dark parts appear to be perfectly smooth 
and level. This apparent smoothness in tlie faint parts, naturally led 
astronomers to conclude that they were immense collections of water ; 
and the names given to them, by some celebrated astronomers, arc 
founded on this supposition. For Hevelius distinguished them by 
giving them the names of Uic seas on the earth ; while ho distinguished 
die bright parts by the names of the eounliries and islands on tlic 
earth. But Uiccioli and Langreni distinguished both the dark and 
light spots, by giving them the names of celebrated astronomers and 
niathenjaticians, which is now the general manner of distinguishing 
them. 

That the spots which are taken for mountains and valleys are 
really such, is evident from their shadowB. For in all situations in 
which the Moon is seen from the earth, the elevated parts are con- 
stantly found to cast a triangular shadow in a direction from the sun; 
arul on the contrary, the cavities are always dark on the side next 
the sun, and illuminated on the opposite side, which is quite con- 
formable to what we observe of hills and valleys on the earlii. And 
as the tops of these mountains are considerably elevated above lliu 
other parts of the surface, they are often illuminated when lln^y arc 
at a considerable distance from the line which separat(;s the enlightened 
from the uneiilighted part of the disc, and by this means afford us a 
method of even determining their height. 

Previous to the time of Dr. Herschel, sonn .of the lunar moun- 
tains were considered to be double the height of any on the earth ; 
but by the observations of that celebrated astronomer, their height is 
considerably reduced. 

For after measuring many of the most conspicuous prominences, he 
says, From these observations 1 believe it is evident, that the 
height of the lunar mountains is, in general, overrated ; and that 
When we have excepted a few, the generality do not exceed half a 
mile in their perpendicular elevation.” 

Ais the Moon’s surface is diversified mountains and valleys as 
well as the earth, some modern ai^tronomers say they have rfisco- 
vered a still gfeater similarity ; namely, that some of these are really 
volcanbes, emitting fire, as those on the earth do. An appearance 
of this kind was discovered by Don IJUoa in an eclipse of the sun, 
which happened on the 24th June,, 1?78. It was a small bright spot 
like a et&i:, near tlie maTg^||^f Ite Kfiaon, which he suppos^.at the 
time to be a bole or valley, wbuffi pmnWtted the sun’s lijfht to shine 
through it. Succeeding observations have, however, led jastruno- 
mers to believe, that appearances of this kind are occasioned by the 
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criiplioti of volcanic firr. Dr. Ilerschel, in particular, has observed 
scvtTsil eruptions of this kind, the last of which he has described in 
the Philosophical Transactions for 1787, as follows ; ** On April tlie 
loth, at I0h.6m. 1 perceived three volcanoes in different places of 
the dark part of the new Moon. Two of them are either already 
neaily extinct, or otherwise in a state of jroinj; to break out, which 
perhaps may be deculed next lunation. The third shows ^an actual 
eruption of fire or luminous matter : its light is much brighter than 
the nucleus of the Comet which M. Mecliain discovered at I’aris on 
the 10th of this m(>nth.’’ The following night the Doctor found it 
burned with greater violence ; and by measurement he found that the 
shining or burning matter must he more than throe miles in diameter, 
of an irregular round figure, and very sharply defined about the 
edges. The other two volcanoes resembled large faint nebula*, 
which appeared to bo gnadually brighter towards the middle, but no 
well defined luminous spot could he discovered in tlicm. Dr. 
Hcrschel adds, “ the appearance of wdiat I have called the actual 
fire, or eruption of a volcano, exactly resembled a small piece of 
burning charcoal, when it is covered by. a very thin coat of white 
ashes, which frequently adhere to it when it has been some time 
ignited ; and it had a degree of brightness about as strong as that 
with which n coal would be seen to glow in fair daylight.'* 

7’ho uppeariince which !)r. Hcrscherhcre describes so minutely, 
was also ob'^erred at the Royal Observatory of Paris, about six (lays 
before, by Dominic Nouot, like a star of the sixth magnitude, the 
brightness of which occasionally increased by flashes. Other astrono- 
mers also saw tlie same thing, for M. dc Villeiieuve observed it on 
the 22d of May, 1787. This volcano is situated in the north-east 
part of the Moon, about 3' from her edge, tow'ards the spot called 
Helicon. After considering all the circumstances respecting these 
appearances which have just been mentioned, we must subscribe to 
Dr. IJerscbers opinion, that volcanoes exist in the Moon as well as 
the earth. 

It has long been a disputed point among astronomers, whether or 
not the Moon is surrounded by an atmosphere, lliose who deny 
that she is, say that the Moon always appears with the same bright- 
ness wfiicn our atmosphere is clear ; which could not* be the case if 
she were surrounded by an atmosphere like ours, so variable in den- 
sity, and so often obscured by clouds and vapours. 

A second argument is, that when the Moon approaches a star, 
before she passes between H and the earth, the star neither alters its 
colour nor its situation, which would be the case if tiie Moon bad an 
atmosphere, oh account of the refraction, which would both alter 
the colour of the star, and also make it appear to change its place. 

A third argument is, that as there are no seas or takes in the Moon, 
there is, therefore, no atmosphere, as there is no water to be raised 
up into vapour. But those who contend jtot the Moon is sturrptinded 
by an atmosphere, deny that she aiwayfll|»pears of the same Wight- 
iiess, even when our atmosphere appesin equally clear. Instences of 
the contrary are mentioned by HeveUus end some other i^trbnomers, 
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hut it is unnecessary to lake any farther notice of them here* In the 
case of total eclipses of the Moon, it is well known that she exhibits 
very ditterent appearances, w hich it is supposed are owing to chaiiges 
in tlie state of her atmosphere. It is remaiked by Dr« Long, that 
Newton had shown that the weight of any body on the Moon, is 
Out a third pait of ihe weight of what the same body would bo on 
the eaith; fiom w'bicli he concludes that the atmosphere of the 
Moon IS only one-third part as dense as that of the eartu, and there- 
fore it is impossible to pioduoe any sensible refraction on the light of 
a fixed star which may pass through it. Other astionomers assert 
that they have observed such a refraction ; and that Jupiter, Satuin, 
and the fixed stars had their circular figures changed iuto an elliptical 
one, on these occasions. 

But although the moon be surrounded by an atmosphere of the same 
nature as that which surrounds the earth, and to extend as tar fium 
her surface ; yet no such effect as a gradual diminution of the liaht 
of a fixed <itar could be occasioned by it, at least none, that could be 
oUseived by a speetaiur on the earth. For at the height of 44 miles 
our atmosphere is so rare, that it is incapable of refracting ih<' rays 
of light, now this height is only the IGOth part of the earth's dtaincter; 
but us cloiiils are never observed biglier than 4 miles, it tliereforo 
foilovis that the obscure pait of out atmospbeie is about the 2000tli 
pait of the, oartli’s diameter, and if the Moon’s upparent diameter be 
dt\ ided by this number, it will give the aiiglo under whielt the obscure 
pait of her atmosphere will be seen fiom the enrtli, which is not quite 
one second, a space passed over by the Moou iu Jess tliaii twf» 
seconds of time. It can, therefore, scarcely be expected that any 
obsciiiation of a star cuuhl be observed in so slioit a time, althougli 
It do take place. 

As to the argument against a lunar atmosphere, drawn from the 
conclusion, that ijiere arc no seas or lakes in the Moon, it proves 
nothing, because it is not positively known whether there is any 
water in the Moon or not 

The question of a lunar atmosphere seems to bu at last settlec; oy 
the numerous and accurate observations of the celebrated Astiono- 
mers Shroeter and Piazzt, who have proved as convincingly ns the 
nature of the subject seems to allow, tliat the Moon has really an 
ntniospture, though much less dense than ours, and seaicely ovceed- 
ing in hi laht some of the lunar mountains. 

It lb remarked by Dr. Brewster, ** The mountain scenery of the 
Moon boats a >tronger resemblance to the lowering subfuiiity and 
terrific ruggrdness of the Alpin regions, than to the tamer inequaUttes 
of lese emvated countries. Huge masses of rock rise at once from 
the plains, and raise their peaked {Summits to an immense lieight>iti 
the air, while projecting craggs spring from tlieir rugged Hanks, and 
tlireateoing the vallies below, seem to ofd defiance to the laws of 
gravitation. Aiound the base of these frightful eminences, aie 
strewed mifnerous loose and unconiH^ted fragments/ whtoh time 
seems to ha?0 detached from ibehr parent mass; and wttea we exa- 
mine the rents and ravines which accompany the overhanging cbfin 

P 
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vre expect every moment that they are to be torn from their base, , 
and. that tlie process of destructive separation which we had only 
contemplated in its effects, is about to be exhibited before us in tre- 
mendous reality. The moup^ins called the Appennines, . which 
traverse a ppr^on of the MorniV disc from north-east to south-west, 
rise with a precipitcms and crag:gy front from the level of the Mare 
Imbrum^ Jn some places their perpendicular elevation is above four 
miles; and though ttiey often descend to a much lower level, they 
present au inaccessible barrier to the north-east, while on. the south- 
west they sink in gentle declivity to the plaius.’’ 

The caverns which are observed on the Moon’s surface, are no 
less remarkable than the rocks and mountains, some of them being 
three or four miles deep, and forty in diameter. A high angulgr ridge 
of rocks marked with; lofty peaks and little cavities, generally en^ 
circles them, an insulated mountain frequently rises in their centre, 
and sometimes they contain smaller cavities of the same nature with 
themselves. These hollows are most numerous in the south-west 
part of the Moon, and it is from this cause that ibis part of the 
Moon is more brilliant than any other part of her disc« The moun- 
tainous ridges which encircle the cavities, reflect the greatest quan- 
tity of light; and from their lying in every possible direction, they 
appear, near the time of full Moon, like a number of brilliant radia- 
tions issuing from the small spot called Tycho. 

It is difficult to explain, with any de^p'ee of probability, the forma- 
tion of these immense cavities ; it is highly probable, tliat ilie earth 
would assume the same figure, if all the seas and lakes were removed ; 
and that the lunar cavities are either intended for . the reception of 
water, or that they are the beds of lakes and seas which have for - 
merly existed in tiie Moon. 

Ilie circumstauoe of there being no water in the Moon, affords a 
strong proof of the truth of this theory. 
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CONSTELtATlONS» OR AST£RI8MS. 

The g^ndeur of such a scene» the perpetual and regular change 
which the whole appears to undergo by the daily revolution of the 
earth on its axis, must have attracted me attention of mankind at a 
very early period. But previous to attempting to make either regular 
or accurate observations, on the motkms and relative mtuations of the 
various bodies which compose this splendid scene, it was necessary 
to invent some method by which the one might be distinguished from 
the other. To give a particular name to every star which was visible 
to the naked eye, wras impossible. 

It therefore became necefssary to adopt a more general method of 
distinguishing them. 'Ibis was accomplished by portioning out the 
heavens into imaginary figures, of men, birds/fishes, &c, called Con- 
stoilaiiofis or Asterisms. After thb, the situation of a star could be 
known by mentioning its place in the Constellation in which it was 
situated ; as the bull’s eye, the lion’s heart, tlie dog’s nose, drc. In 
what age of the world this arrangement of the stars into constellations 
took place is not known, but it was certainly antecedent to any 
authentic record ; so that whetiier the shepherd or the saw, was em- 
ployed in their turmaiion, cannot now be ascertained. Homer and 
Hesiod, who lived at least BOO years before the Christian era, men- 
tion several of the constellations. 

The Plcids, HVfld9, with the Derthern team. 

And great Orton's more refulgent beam ; 

To whioJi, around the axle of the sky, 

The Beat revolving points his golden e)c, 

StiU slunes exalted tn th’ ethereal plain, 

Nor bathes his biasing forehead in the main Pore's Hornet. 

In the book of Job, Arcturus, Orion, and the Pleiades, are twice 
mentioned. 


Cans! thou the sky’s benevolence restrain, 

And cause the Pleiads to shine in vain ? , 

Or, when Orion sparh^ from his spheie, 

Thaw the cold seasow^ ind anbind the year ? 

Bid Masrarotb his #'!)rm'd station know. 

And teach the bnghRAiretiiroa where to glow ? 

The writer of the book of Amos has also mentioned Orion and the 
mev stars: which plainly shews tfaht the constellations mubh not 
only have been invented rmlore bis time, but that they must have 
bee n of some standing at that period* 

These signs, which now seem so wlihhsical and uncouth, were not 
however the offsprki| of unsystemstie fciiey ; they appear to have 
been intended to signify the stabs of the earth at the dinerent seasons 
of the year, particularly the ffgates of the constellations hf the 
Zodiac, which are supposed^ ^ some astronomers to be Egyptian 
hieroglyphics. Among these 'mre am some that have as It wore a 
commoit relation to every ^ globe, while others seem to 

relate to ctreunisUuices or eveitis m^y local. ArMi^ is said to 
signify that tiie Iambs begin to follow tiie sheep about the time of the 

• F2 
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vernal <»qiiinox, when the sun enters this sign; and that th^ cows 
bring fortli their young about the time be approaches the second con- 
stellation, Taurus, or the Bull. The third sign now called Gemini, 
was originally two Aids, and signified the time of the goats bringing 
forth their young, which are usually two at a time, while the former 
(the shef^p and the cow; commonly produce only one« 

The font th sign. Cancer the Crab, an animal that goes sideways 
and backwards, was placed at the northern rriijpic, or that point of 
tho ecliptic, where the sun begins to return back again fioxn the 
north to the southward. The fifth sign, Leo, the Lioti, as being a 
furious animal, was thought to denote t^e heat and fury of the burn- 
ing snn after he had left Cancer, and entered the next sign Leo. 

The siixth sign received the sun at the time of the ripening of corn, 
and tin* approach of harvest ; which was aptly expiessed by one of 
the female reapers, with an ear of corn in her hand, namely Virgo, or 
the Virgin. 

The next sign, Libra, or the Balance, evidently denotes the 
equality of days and nights, which takt* place at that season ; and 
Scorpio, the next sign in older, denotes the time of gathering in the 
fruits of the earth, which being generally an unhealthly season, is 
lepresentcd by this venomous animal, extending his long claws, 
thieateiiing tlie mischief which is to follow. The tall of the leaf was 
the season of the ancient hunting ; and for this reason the constella- 
tion Sagittarius represents a huntsman with his arrows and lus club; 
the weapons of destruction employed by huntsmen at that time. The 
reason of the Goat being chosen to mark the farthest south |K>int of 
the ecliptic, is obvious enough, for when the sun has attained his 
extreme limit in that direction, he begins to return, and mounts again 
to the northward, which is very well represented by the goat, an 
animal that is always found climbing and ascending some mountain 
as it browses. As the winter has always been considered a wot and 
uncomfortable season, this was expressed by Aquaiius, the figure of 
a man pouring out water from an urn. The last of the zodiacal con- 
stellations was Pisces, a couple of fishes tied t igether, which bad been 
caught, which signified that the severe seaKOfi was over, and though 
the flocks did not yet yield their store, yet the seas and rivers Were 
open, and fish might be caught in Bbundgnee. These ideas have 
been beautifully expressed by Chaiterton, in the fonowing lines : 

Os the orAit see tbs ^sHoue 

Mark where the sun uur year chines s 

First the bright Ram bjuilangidil w kaprovei } 

Next glaring wai’ry thru* the Baft , 

The am'rous Thdsi advait bto geftial m 
Now bnriiiBg, tbro^ the he W Vriljf ; 

The iistt, flanking, beam the solar power; 

I'bs Fiifgio mints benitejfli the sidfiy iftowhr; 

Now the wefehs hie 
The slimy Serpent sWelteit in hie 
The sable Arehr elouds his Ibb|^4 ; 

The Ge«e with temuesta urhss ; 

Now in (he WnRr h(s faiil|M& hplMkr, 

And the cold Ftsftsi end ybgr. 
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AlihpM^ these signs served to distingiiish tbe seasons 

«it ih|^ year when they were ml fomed, or employed Tor that pur- 
pose, yet Uii^ is not altogeih^ ihe case at the present day. For 
owing to the vetro^hde'ttiot&dh the ^Moinoctial ^intSt the constel- 
lations oC the Zodiac fiave i»pw, (manged their positions, as to, 
be found more than a sign advaiu^^ , The cohst^latiun Arles, for 
example, is now three or four de^i^ within the sigh Taurus, or the 
first point of Aries, wluch used to coincide with the, equinoctial point, 
is now about thirty- four degrees fartlier advanced ; however, the first 
point of the tign Aries stilt coufinues to be reckoned from the 
equinoctial point* The signs of, the Zodiac must therefore now be 
distinguished from the coiistellatioiis, the signs merely being ideal, 
and serving only to designate the course of the sun in the ecliptic, 
while the constellations coiiiiuue to signify a group or cluster of stars, 
designated by some particular name* 

Besides the constellations in the Zodiac, the catalogue of Ptolomy, 
(which is the first or earliest on record) enumerate 21 to the north, and 
J5 to the south of it, making in all 48, but these included only tlie 
visible part of the heavens, or such as came under their notice. The 
number of constellations, however, increast'd, as the knowledge of the 
stars l>ecame more extensive ; and at the same time more stars 
were introduced into each constellation, as their positions became 
known. 

Such stars as were not included in any of these constellations, were 
called by the ancients informs or sporades stars ; but modern astrono- 
mers have now reduced these informs, or unformed stars into new 
constellations, which have now swelled the number to 1)5. Of these 
12 arc in the zodiac, the names of which have already been men- 
tioned ; 97 to the north of it, and 46 to the south of it. The nortlierii 
constellations arc 


Ursa Major ♦ 
Ursa Minor 
Draco 
*Cepheiis 
Andromeda 
Cassiopeia 
Perseus 
Pef^asus 
*Cancs Venatici 
*Bciote8 

*Mod 8 Maenalns 
*Coina Berenices 
*Cor Caroli 


Corona Borealis 
Hercules 
Cerberus 
Jbyra 
Cj^nus 
^Vulpecula 
•A user 

*Laoerta Stellio 
*Camelopardalu8 
Serpens 
^SerpeatariuB 
Sctitum Scdileski 


Aquila 

Antindus 

Belphiniis 

^Taurus Poniatowski 
Equulns 
Sagitta 
Auriga 
♦byiix 
*Leo Minor 
^Triangulum 
Triangulum Minus 
*^Musca.t 


* See Precession of the EquiMXes, page 9. " 

t The new constellations arc those marked thus (*); 
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The scutfaern constellationa are the foliowhig ; — 


Cetns 

•Pavo 

•Odans Hadloiaiiiis 

Eridanus 

Corona Australis 

*i*Caiiialeon : J 

Phoenix 

•Crus 

•Piscis Volans 
‘Xiphias 

Toncan 

Orion 

PiScis AttstroUs 

*liepus 

•OfHcina Sculptoris 

Monoceras 

*ColumbB Noachi 

•Hydrua 

Canis Major 

*Robur Caroli 

•Fornax Chemica 

i^ns 

Hydra 

•Crux 

•Horologium 

Argo Navis 

•Heticulus Rhomboidalis 

Sextans Uranim 

Canis Minor 

•Praxiteles 

Crater 

•Apis Mttsca 

•Equuleus Pictorins 

Corvus 

Hirundo 

•Pyicis Nautica 

Centaurus 

•Indus 

•Machina Pneumatica 

Lupus 

•Telescopium 

•Circinus 

Ara 

^Triangulum Australo 

•Microscoptiun 

•Quadra Euclidis.t 


Tlioiigh the division of the heavens into the constellations above 
enumerated, be entirely fanciful, yet it is of great advantage in 
describing the position of particular stars. The judicious and practi- 
cal astronomer has therefore always resisted every attempt, either to 
change their names, or to lay them aside, because better could not 
be substituted in their place ; and because they keep up the greater 
correspondence and uniformity between the old astronomy and the 
new. 

ON THE POSITION OF THE CONSTELLATIONS, AND PRINCIPAL 
STARS IN THE NORTHERN HEMISPHERE. 

As there is no particular constellation, or star, in the heavens, so 
singular in its appearance, or so singularly situated with respect to 
the rest, as to entitle it to the distinction of being first described, but 
as the constellation Ursa Major, or the Great Bear, never goes below 
the horizon of places of considerable northern latitudb \ and as it is 
one of the most conspicuous constellations in the northern hemis- 
phere, we shall not only begin to describe it first, but endeavour to 
trace out the others by means of it. 

In the Great Bear there are seven veiy conspicuous stars, four of 
which form a trapezium in the body, and the other three are in the 
tail of that animal. The two former stars in the trapezium called 
the guards, or pointers, because a straight line passing through them 
points out the pole. The pointer which is nearest w pole star is 
called Dubke: the first in the tail neat the lK>djri AltdCfi; and the 
last in the tail, j^efitacA.^ V’ 

Nearly in the dilution of the point^s, and ab^t ,|iye times the 
interval between tbhm, reckoning frofiii Dubhe, is Airuccabafa, or 
the Pole Star, situal^ in the tip of Che tail of the constellation 
Uursa Minor, in .there are also femkig a figure 

' II I IIMI*'*..- I I W / ' ■ 

t The new constellations are ihoac marked thus 

X These seven stars form a figure somewhat reiwiiiblii^ A ptdiiikh ^ hwhe it is 
often called CharW Wain, or the Plongh- . ; * • ; V " ■ 
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like titose iit the Groat Bear^ btit both the bgure and the stars are 
considerably less. 

The lesser Bear 

Leads from the pole the locid handl the stars 
Which from this coasteliaticm, fainUy shine 
Twice twelve in number ; only one beams forth 
ConspicuoiiB in high splendor, nam’d by Greece 
The Cynosure ; by us the Pouar Star. Euoosia. 

An imaginary line passing from Dubhe through the star in the oppo- 
site corner of the trapezium, will nearly intersect Cor Caroli, a single 
star of the second magnitude, whose distance from the latter star is 
nearly double that between the two former. A straight line from 
A Moth passing through Cor Caroli, produced a little farther than the 
distance between them, will reach Vindemiatrix, the fartliesi northern 
star in the constellation Virgo. Between Cor Caroli and Virgo is 
the constellation Coma Berenices, or Berenice's Hair, so named from 
its resemblance to hair. 

Then Berenice’s locks first rose so bright, 

The heavens bespangling with dishevelled light. Pope* 

A straight line from Beoetnach passing through Cor Caroli, and 
extending downwards or towards the horizon a^ut double the dis- 
tance between these two stars, will reach Deneb, a star of the 
^econd magnitude in the constellation Leo, or the Lion, and about 
25 degrees to the west of Deneb ; and about 3 degrees lower is 
Jiegulus, a star of the first magnitude, in the heart of Leo, and 
almost in the plane of the ecliptic. 

To the eastward of Deneb, at the distance of about 35 degrees, is 
Arcturus, in the constellation Bootes, called the W aggonor. 

Wide o’er the spacious regions of the North, 

Bootes urges on his tardy wain. Thomson. 

Bootes with his wain the North unfoldr $ 

The southern gate Orion holds. Claudian. 

Under Bootes is the constellation Virgo, in which there is a very 
bright star, called Spica Virginia, which forms with Deneb and 
Arcturus a very large equilateral triangle. 

A IHtle to the south-west of Spica Virginis, is the constellation 
Corvus, the stars of which form a long trapezium, but-none of them 
exceed the third magniCiide. The first star is named Algorah, and 
IS in the lower comer of the trapezium, about 10 degrees from Spica 
Virginis. 

A lintfi' from Vindemiatrix, the third star in Virgo, dirough 
Arcturnn, will intersect Alphacca, a ntar of the second magnitude in 
the constellation Corona Borealil, of the Northern Crown ; the dis- 
tance between Alphacca and Arctums being nearly ec^ual to that 
between ^ latter and Vindemiatrix. This constellation is ^y con- 
spicuous, etars in it being arranged in a circular form, somewhat 
resembling brown. A line paamng from Regulus ihrough Spica 
Virginis, and extending an equal distance beyond the latter will 



7*2 POSITION OF THE CONSTELLATIONS, <lx. 

reach Antares, a star of the first mag'nituih'* in the constellation 
Scorpio. Between Scorpio and Virgo is the constellation Libra, 
containing a number ot* small stars ; and to the south of Scorpio is 
the constellation Lupus, or the Wolf, which also contains a number 
of stars.; but none of them exceed the third or fourth magnitude. 

Nearly in the line produced from A rcturus,* through the Northern 
Crown, and about twice the distance between them, and beyond 
Alphacca, is one of the brightest stars in the heavens, called Vega, 
in the constellation Lyra. In the line joining this star and the guards 
of Ursa Minor, and about 15 degrees distant from the former, is 
llastabaii, u .star of the third magnitude in the constellation Draco, 
or the Dragon ; and in the opposite dirtxtion from Vega, a little to 
the east of the line, and about 34 degrees distant, is Altair, a star 
between tlic first and second magnitude in the constellation Aquila. 
The stars Altair, Vega, and Lericb, a star of the second magnitude 
in the constellation Cygniis, form nearly a riglit-angled triangle, the 
right angle being at Vega. About 14 degrees north-east of Altair, is 
a romboidaJ figure, formed by four stars in the constellation 
Dolpliinus ; and about 35 or 3(> degrees cast of this hgiire, is the 
constellation Pegasus, in which there is a bright star in the neck 
called Schoat. About 13 degrees south of that is Murkab, a star of 
the second magnitude ; 1 (j degrees to the east of Markab is another 
star of the second magnitude, in the same constellation ; and nearly 
14 degrees east of Scheat is a star of the third magnitude, in the head 
Andronicda. These four stars form a square, usually called llie 
Square of Pegasus. 

A line from Scheat through Markab, at the distance of 45 degrees 
from the latter, will nearly intersect Fomalhaut, a star of the first 
magnitude in the constellation Pisces Austraulis, or the Southern 
Fish. Between Markab and Fomalhaut, and about 10 degrees *soiith 
of the former, is the constellation Pisces. To the west of the line 
joining the two last mentioned constellations is Aquarius, one of the 
zodiacal constellations. 

A line from Deneb in Cygnus, passing through Markab, and dis- 
tant from it about 41 degrees, will point out the second brightest star 
ill the constellation Cetus : and a line from the rhomboid already 
mentioned, in Uelpheuus, through Markab, at the distance of nearly 
60 degrees from this last star, will intersect Menkar, a star of tim 
second magnitude in the jaw of Cetus. About 37 degrees north of 
Menkar is Algol, the second star in tbc constellation Perseus, which 
is one of those stars that vary in brightness. 

At the distance of about *27 degrees from the star in the head of 
Andromeda, and a little to the south of the line, joining it and Markab, 
is A Imaaoh^ a star of the second magnitude in the southern foot of* 
Andromeda : and about half way between it and Markab, is Miracii, 
a star of the Uiird magnitude in the girdle of that consteHatioii. > A 
little to the north of the same line, at the distance of about 42 
degrees, is Algenib, a star of the second magnitude in the constella- 
tion Perseus. The three stars, Almaach, Algol, and Algenib, form 
nearly a right-angled triangle, Algol being at the right angle. 
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Between Mirach and Menkar, about 17 decrees from the former, 
is a tolerably bright star of the second magnitude in the constellation 
Aries, between which and Aimaach arc the two triangles, and 
about 10 degrees south-east of the triangles is the small constellation 
Musca, or the Fly. To the north-east of Menkar, about 2(1 degrees, 
and as many south-egst of Musca, is Aldebaran, a star of the first 
magnitude, of a red colour, in the constellation Taurus. This star, 
with several other small ones called the Hyades, forms a triangle. 
Between this triangle and Musca, is that well-known cluster of slurs 
called the Pleiades, or Seven Stars, which are situated in the neck 
of Taurus. A line from Aldebaran througli Algol, at the distance 
of 28 degrees from Algol, will intersect Schedar, a star of the third 
magnitude in the constcllati9n Cassiopeia. Tliis constellation will 
easily bo known, being ‘Composed of live or six stars of nearly the 
same magnitude, and being always on the opposite side of the pole, 
with respect to the star Alioth, in Ursa Major. 

About 22 degrees south-east from Aldebaran, ai*e three stars of 
the second iniignitude, in a straight line, and at equal distances from 
each Ollier, wliich form the bolt of Orion. Below tlie belt are a 
few stars that compose the ISword of Orion, in a beautiful nc^bula^ 
Above these are two bright stars, distant from each other about 
degrees; the furthest west one is called Bellatrix, and the other 
Betelguese ; and, about as far distant on the other side of the belt is 
Rigel, a star of the first magnitude; all of these are in the constella- 
tion Orion, which is one of the most beautiful constellations in the 
heavens. , About half way between Kigel and the north pole is 
Cupclla, a star of the first magnitude in the constellation Auriga. 
A line from Menkar through Uigel, at the distance of 281 d(;grecs 
from the latter, or from Aldebaran, through the middle star of Orion’s 
belt, and about as far below it as Aldebaran is above it, is Sinus, 
a star of the first magnitude in the constellation Caiiis Mujor.*^ About 
6|- degrees west from Sirius is a star between the second and third 
magnitude, and about 11 degret^s further south ifian iSirius there are 
three others in a straiglit line, all of the third magnitude, and in the 
same constellation. About 26 degrees to the cast of Betelguese, 
and the same distance north-cast from Sirius, is Procyon, a sUir 
between the first and second magnitude in Canis Minor. In a line 
with Kigel and the middle star in the belt of Orion, about 44 degrees 
from the latter, is Castor, a star between the first and seepnd magni- 
tude, in the constellation (>(mtini; and about 4 1 degrees south-east 
of Castor is Pollux, a star between the second and third magnitude, 
in the same conslelhition. Pollux may also be known by observing 
that it is about 4o degrees distant &om Aldebaran, in the line pro* 
duced, passing through it fronr Menkai:. About half way betweer 
Procyon and Regulus is Acubens,.a star of the third magnitudo in 
the sign Cancer. . A line from Alioth through Regulus being pro- 
duced about 23 degrees, will intersect Alphared, a star of the second 

* Sirius is the brightest star in the heavens, and is by eonf aeticnomcirs 
soppoaed to be nearest the earth. 
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magnitude in the constellation Hydra; and a line from Procyon 
through Alphared, produced about 24 J degrees beyond Alphared, 
iFill intersect Alkes in the constellation Crater. This star may also 
bo known by being on the meridian nearly at the same time with the 
pointers in the Great Bear. 

As the constellations and stars now described comprise the 
greater number of those that can be seen in any part of Great 
Britain, it is unnecessary to take any notice of the others.* 

The situation of the principal constellations which appear above 
the horizon of London, during a night about the middle of Decem- 
ber, are so beautifully and accurately described in the following 
extract from the philosophic poem entitled Eudosia, that it cannot 
but be admired by all lovers of Astronomy : — 

T*fow)et us watch the risiog of the stars ; 

And look where mid December points the hour 
Most apt for contemplation of the scene. 

The fourth from noon is pass’d, and half the space 
Fled to the fifth ; in the meridian view 
Cephciis, sublime ; the Dragon's tortile spire, 

^here shines to Britain’s great metropolis, 

The correspondent star ; alike remote 
This from the heavenly, that the earthly pole, 

And perfectly coincident in place, 

The greater Bear is seen ; and Pegasus 
Tends to the south ; the beauteous Twins emerge 
from the horizon ; Taurus climbs oblique ; 

Still higher Aries; the declining Fish 
Verge to the southern wave ; and Capricorn 
Glistens, diminish’d, in the western sky ; 

And, near the goal, witli languid ray appears 
Chiron ; but, nigh to the direct of east, 

Orion half is risen ; nor prevails 
The horizon even now to eclipse the pomp 
Of the proud constellation ; his right side 
Blazes ; the star, which lightens on the left, 

Is winning now upon our hemisphere : 

And near him the vast Whale conspicuous shines. 

The sixth hour is elaps'd, Orion shows 
His flaming belt ; the Twins are wholly risen ! 

Soon Procyon appears I and now the Crown 
Of Ariadne rises : Charles, thy star. 

Though never setting to the horizon, stoops. 

And of the Crab the far distinguish’d light 
Emerges, Little later than the seven^, . . 

Sirius appears: the ninth the Hon shines $ 

And in tho vertex is MedusA seen. 

Near the tenth hour from noon Hydra nppoarii ' 

Soittthward; at mid of night Orion’s form , 

.. foes the meridian ; Imttiie Whale retiree!;; . 

The radiant Lyra meets the hoiia^ns’ bound ; 

The Virgin form shows her ascendant wing ; ‘ ' ’ - 


* Those who are possessed of a celestial globe, and know how to use it, will, in 
a fear evenings, acquire a knowledge of the principal sIm that may be above 
their horizon at that season ; but the foregoiiigdireetio.«hi^be found to answer 
the purpose, with the assistance either of a glolfo or map of the heavens. 
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Capella in the zenith glows ; an hour 
Is pasd'd ; ArcturuB rises : ere the night 
Has mark'd the second boor from its niid space^ 

Shoots in full beam the great Newtonian Star ,* 

The fourth approaches, when tho golden star 
Of Ubra gains the eye : the sails retire 
Of the resplendent Ship ; her lucid mast 
Shines eminent The sixth her fetter’d arm 
Andromeda discovers; and the heart 
Of Scorpio rises ; Hydra fills the wOst ; 

Medusa's Head sinks, and Orion bears 
With diflicully his shoulders unsubmerg’d : 

Moqocerous succeeds. Why should 1 name 
The Snake or Serpentarius fully risen ? 

Or why repeat the wonders which before 
Engag'd our eye 7 The gi^at and smaller Bear, 

With tlie Camelopard and varied Lynx ! 

Or gaze on thee, O Perseus ! thoc admire, 

Aquila; or the Lyre, which rc-ascends ? 

Hut, rising eastward, beams the glorious arch 
Of the pure Galaxy ? And now appears 
Urania’s Sextant, and persuades to leave 
The starry theatre, and yield to dawn ; 

For now Aurora's fiery coursers gild 
The frosty summit of the eastern hills. 

All this delightful scene revolving earth 
Protluces, visiting the several stars ; 

While Qodisturb'd remain the heavenly spheres. Kcj>o?ia» 


OF THE LUSTRE AND MAGNITUDE OP THE STARS. 

One sun by day, by night ten thousand shine ; 

And light us deep into the Dfarv. 

O how loud 

They call devotion, genuine growth of uig-ht / 

Devotion, daughter of Astronomy ! 

An undevout astronomer is mad. Young. 

Tho stars are divided into orders or class es according to tlieir 
apparent magnitades. Those that appear largest to. the naked eye, 
have been called stars of the first magniiude ; those that appear next 
largest, the second magnitude; and so on to the sixth, which compre- 
hends the smallest stars that are visible to the naked eye. All those 
that can only be perceived by the help of a telescope, are called ‘ 
telescopic stars. 

The Stars of each class are not all of the scone apparent magnitude* 
In the first class, or those of tlie first hiagnitude, there are scarcely 
two that appear bf the same size. 

There are also other' stats, of intermediate magnitudes, which 
astFOttomers cannot refer to any p^cular class, and tliorefore .ttiisy. 
place them between two; but on this subject astronomers differ 

* Spica Vltgtsus, the car of wheai'fn the constellation Virgo / 

The star whkfofBFOwns Gte golden sheaf^' \ ^ ; 

ilpd wants a name, O glo^ of the skies! ^ 

' - And shall not justice dignify thy sphere . ^ 

With the great naiim of NEWTON f Jfa ^ 1^ 

To me for ever the Newtiinum Stur. „ . / ' Euiiosia 
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siderably ; some of them classing a star among* those of the fitlit 
magnitude, 'while others class it among those of the second, and so 
on with others. 

Ill fact it may be said» that there are almost as many oi'der^.of 
stars as there are stars, on account of the great variations observa- 
ble in their magnitude, colour, brightness, &c. Whether these varie- 
ties of appearance are owing to a diversity in their real magnitude, 
or from their different distances, is impossible to determine; but it is 
highly probable that both of these causes contribute to produce these 
effects. 

To the naked eye, the stars appear of a sensible magnitude, owing 
to tlie glare of light arising from the numberless reflections from the 
aerial particles, &c. about the eye ; this makes us imugiiie the stars 
to be much larger than they would appear, if we saw them only by 
the few rays which come directly from them, so as to enter our eyes 
without being intermixed with others. Any person may Ih' sensible 
of this by looking at a star of the first magnitude through a long nar- 
row tube, which, though it takes in as much of the heavens as would 
liold a thousand such stars, scarcely renders that one visible. The 
stars being so immensely distant from the earth, there seems to be 
but little probability of ascertaining w ith certainty the real magnitude 
of any of them. And as Dr. Herschel has very justly remarked, 
** that, in the classification of stars into magnitudes, there is either no 
natural standard, or at least none that can be satisfactory r ^tid that 
the astronomers who have thus classed them, have referred their 
size or lustre to some imaginary standard.” 

The same illustrious astronomer observes, that the inconveni- 
ence arising from this unknown, or at least ill-ascertained, standard, 
to which we are to refer, is such, that now our most careful obser- 
vations labour under the greatest disadvantage. If any dc|Yeiidence 
could be placed on the method of magnitudes, it would follow, that 
many of the stars had undergone a change in their lustre or apparent 
magnitude, even since the time of Dr. FJamstead. — Not less than 
eleven stars, in the constellation Leo, have undergone a change of 
lustre since his time.” This change. Dr. Herschel believes, has 
arisen from the uncertainty of the standard of magnitude^, and not 
from any real change in the lustre of the stars : and iil order to pre- 
vent mistakes of this nature to future observers, the Doctor proposes 
to compare the lustre of any particular star with that of one which is 
greater, and also one that is less, both of which to be as near the 
proposed star as possible. This he thinks would ailswer much better 
for detecting a change in the lustre of any suspect^ star than the 
vague method of magnitudes, which has been hitherto in use among 
astronomers. 

As a full display of the Doctor^s method would occupy more 
space than can be allotted to it in this Work, those who wish to 
luive more inforniatiou on the subject, mat * i^stilrihe Phil. Trans, 
vol. 06. ^ V" ' A'V ' 

That many real changes jn the .lustre of stars 'have taken place^ 
Dr. Hcrsclwl acknowlirajges; for he ahys, ** If we consider how 
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tfCtle attention has been paid to tbb subject, and that most of the 
observations which we have are of a very late date, it will perhaps 
not apjiear extraordinary were we to admit the iiiiinber of atloratioiis 
that have probably happened to d|i&retit stars to be 100; this, com- 
pared with the number of stars that have been examined, with a view 
to aspertain their changes, which we can hardly rate at 3000, will 
cive us a proportion of I to 90. But we are certain, that had a nuiii- 
Ixr of observers applied themselves to the same subject, many mote 
discoveries might probably have been made of cliangcablo and 
peiiodical stars, whose variations aio too simili to atiiko a gerietal 
obseivcT. By observations of this nature continues this eelebtatod 
asi 1 onofner . ** we are enabled to resolve a problem, not only of groat un- 
poitance in itself, liutone in which we are all immediately concerned. 
Who, for instance, would not wi^h to know what degree of pctina- 
nenev we ought to asciibe to the lustre of our sun? Not only tlic 
stability of our climates, but the very existence of the whole animal 
and ^egetahle ct eat ion, aie involved in the <|uestioii. VVlieio can 
W( hope to receive inibnnation on this subject, but from astionomical 
ol>^scrvati<)ns ? If the siinilatity of the stais to our sun be adnuttod, 
* how* necessary does it become to obseive ilio fate of iicigbboiiiiiig 
suns, ill order to guess at that of our own ! That btar among tin* 
multitude which we have dignified with the name of biiii, to-moiiow 
may slowly begin to undergo a gradual decay of brightness, like 0 ni 
Leo, a in Cetiis, a m Draco. P in Ursa JMajor, and many others, 
it may suddenly iiiciedse, like the wonderful star in ila^ back of 
CasMopeia's Cbait, and the no less remarkable one in the toot of the 
Serpent; a gradual increase, like $ in Gomini, B in Cetus, and many 
other stais which have been known to increase in lustre. And 
lastly, it may tiiin into a periodical one of days, as Algol is of 
9 days, 9 in Cepheiis of 9, S in Lyre of 0, or us many ottieis aic; 
of various periods,”* 

“ If by proper attention to this subject,” continues the Doctor^ 

it should be found that all, or many of the stars which wo now 
have reason to suspect to be changeable, arc really subject to an 
alteration in their lustre, it will much lessen the coritidcuce wc have 
hitherto placed on the permanency of the equal emiMsion of light hy 
our sun. Malty pbenomoim in natural history seem to point out some 
past changes hi our climates. Pcihaps the easiest wuy of aciMuntiiig 
for them may be to surmise that our sun has been formerly somrtinies 
more and somefinies less bright than it is at present: and llidt many 
of the unaccountable varieties which happen in our season'^, such 
a general severity or mildness of uncommon winters, oi burning 


* The stirs in each constoUaitioii are marked or distinguished hy ths letWrs of 
the Greek alphabet; and some remailkable ones have particular namesn as 
Aldebaran, Siring AlgfJ, &e. The tiHgbteit star in each constellatimk is 

marked wiili the 4fst letter, the next brigblesiwifh tbe second letter, ^ on ; 
but if thena sbonld ik a greater mimher er Stars in Any constellaticm, th^ ther^ 
are letters In tbs Oteek alphabet, tbs Roman aipbabcl is then e%]oysd| and 
afterwards the italic. 
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piimmers, meet with ah Mdution ihal lp^^a- 

tity. of the sun’s vW»\', <=•,,/ t-.i'- 

Various bypolfoses hare been deriiied ftp 

aiid appearances of the stars* Some astrpaonierill^re that 

the periodical; stars have rest dark s{mls«'^ cr 
slow rotatmns on:thetr axes, by which hieat^^ they must Nliaa^iear 
when the dark aide is turned to the earth. Odbrers are of opinion 
.hat the lununous surfaces of these bodies is subject to . perpetual 
change, which sometimes increases dieir light, and St others extih-' 
guishes it . . . 

Some have also ascribed the variation in the li^t of the stars, to 
the intesposition of the planets that revolve round them ; btit ftis not 
very probable that these planets are sufficiently lar^e to produce such 
an effect. Several other hypotheses might be mentioned, which have 
been advanced at different periods to account for these extraordihaty 
changes ; but as they rest upon mere conjecture, and are still more 
improbable than any of those just mentioned, it is unnecessary to 
give any acccunt of them. 


OF THE NUHBEE OP THE STABS. 


Why from yon arch, that infinito of space, 
With indttite ofdueid replete. 

Which set the living firmament on fire. 

At the first glance, in such an overwhelm 
Of wpaderful, on man’s astonished sight 
Rushes Omnipotence I 


The number of the stars iqipears to be uncommonly great oil first 
casting the eye to the heavens In a clear winter CVeiiing ; bUt 
astronomers have long ago ascertained, that the nnipber of siicli aj; 
are visible to the naked Oyei in both bemis^(bes, dbeil not amount 
to 2000. This may at first appear incfod^e ,.becauie .at 

first sight they seem to be iiiniimerable; Wt arises 

from looking upon, them bksfily|%ithd^t 

For let any fmison lo^ steaddy % 8^^ 


of order. ^ ^ _ 

large oortipn of the heavens, mid eount the 
he will be smprised to find 


^ obwnr^ for a of ^ 

few in her way, alAquil) tbere axe w i^y tiboa^lu^ 
other, part of 

3000 stars, ^i^y of ^ 

B« attli<iii|6;^ ijilihlier oibl^ 

.kcd eye,.yet'^n ^pUDi^edfMrHba'fwww^^^ 

AAsMla alt 1 ‘ a..ll 


naked 
excess' ait 

any part of tbe^fip^dns^ miiMlIiiilf ! 

-nakea vn, ■ In 
itml-ia othOT 


In tile ^ f* 


“ ,to alnugiir', 
osi to' 
togetKw;^' 
aitliM "cut' be 


ift wttcb 8 or Stan 
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caa only be 1^ tba nd(i4m, , JW. Ho**' ^Wjpirored 78 *tw* 
witti a leloMOpo, and V.&$ Kb^ :|68, Tba fAiua astronomer 
aiSrm«, that ha ha« obaamfilfl {SN]HK> atar^i in the arnglp conatel- 

latJOQ Oii 0 ». And Himma, whan Ipokiag at dia star ia the t]nid% 
of witekd of OM, fband that ib^ ^«xe Galileo 

found do in the spiioe of the faeltof Onoii’h swords in Ihe nebulous 
eUr in his heiul^ mi above 000 ib another part of hwa, within the 
compaes one or two degrees space, and more than 40 in the 
nebulous star Pfsosepe. 

There are also many stars whhdi have the appeal anco of being 
single to the naked eye, but yrhoA examined with a good telescope, 
are fottad to be ddub1e« treble, dto« Of those, sereraf have been ob- 
served by Cassmt, Hook, Long, Maskelyne, and some other 
astifonomers t but Dr. Herschel has been t6e most successful ob- 
server of these remarkable objects, tie has already given a cata- 
logue of above 700 double stairs, most of which have never been 
noticed before by any other person. Among these there are also 
some Stars that are trebla, double-double or quadruple, double-treble, 
and multiple.* 

So latp deseriod by Herschel's ptarcins sight. 

Hang the bright aquadrons of tbo Iwinkfiitg night 
Ton thottsand marsbalVd stars, or silver zone, 

Eflbso their blooded lustres round her throne , 

Suns call to sutis, in lucid clouds coosptre, 

And light exterior shies With golden Sre. 

Resistless rolls th* illimitable spheie, 

And one great circle forms the unmemured year 

Besides those starry groups, where the individual stars are 
distinctly visible, there are numbers of small luminous spots, of a 
cloudy appearance, called Nebulw. Qf these g few have been 
noticed by the ancients ; but since the mvention of the telescope, 
many more have bemi discovered, particularly bjr Dr. Herschel, who 
has given a catalogue of g5(lO nebulce. The largest of these nebulm 
IS the Galaxy, or MUky Way, a brohd, irregular, luminous xone, 
which nearly enoireleatlm heavens, and appears to be Hie nearest of 
all dm nebtuie* 


IHernsed ws aith a pryhig mrs survey 

T^c dnrtsnt sJMes to tna the ay : 
It mrclbly obtrudes ufmi ear sight 


Csbecii. 


Trom tke observations of Dr. Heshdiel, it appears dmt this extea^ 
site portW of the heavens is enmptetely crowded whli store; for he 
says| Onafiplytng dm teTes<»qmth A fart of the Tia Laetea, (tMtt 


\ T 

* This catoh^^fseontniaed in tbs sAd tSdi Vstof ttmTr^jPhjlftlim d 
the Royal oooisj^* " » 
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K th<> Milky Wo.y) 1 found Ibat it coat|i^Tyt Msolved the wWlp 
whitish ^pcarance into small atani, wbieb ny Ibmier telescope bad 
not light enough to eftiect* 

A wtf there is in hcavenV extended yiehtt 
Wnten wlien the skies ere dear ]^t seen below, 

Avd mwiils, by the name of MUky, knows 

The RKNuid-work is of stars ; thyeugh whicb the rood ' 

Lies open to great Jupiter's abode, Darocn Aom Ovim 

The portion of this extensile tract which it has hitherto been coorc* 
nient for me to observe, is ^t immediately about tihe band and club 
of Orion. Tlie gloiioas multitude of stars of all possible sisei that 
presented ihemsdves here to my view, was truly a8toai8lung>! but as 
the dazxhitg biightness of glitteriug stars may easily mislead us so 
far as to estimate their number f^eatdr than it really is, 1 endeavoured 
til ascertain this point, by counting many ticlds, and computing from 
a mean of them, what a certain given proportion of the Milky Way 
might contain. Among many tariala of this fort, I found that six 
fields, promiscuously taken, contained 110, 60, 70, 00, and 74 
stars each. 1 then tried to pick out the most vacant place that was 
to be found in that neigfabouriiood, and counted 60 stars. A mean 
of (he first 0 gives 79 stars for cadi field. Hence, by allowing 16 
miuutes of a great cirde for the diameter of any field of vtaw, we 
gather, that a field of 16 degrees long, and 2 broad, or the quantity 
M hkh I have often seen pass through the field of my telescope in one 
boui's time, could not Well Contdn less than 50,000 stars that were 
Inige enough to be distinctly uugsbered. But, besides these, [ sus- 
pected at least twice as many Wore, which, for want of lights, I 
could only see now and then, by faint glittering and interrupted 
gltmpsi a.'’ 

The Dwtor goes on to make some remarks on nebuUe and clusters 
of stais in general, and then observes, 'f That they are gendwlly 
arranged in strata, wtuofa seemS to ran ^ io a great length, some til 
which I was able to pursue, so as to prdty «dl their form 
and direction. It is probable enough thal they* may SUrroual fi»e 
whole apparent sphere of tike .heavens Wot mdito Mfiby Way, 
which undoubtedly is noAittg but a stratum of figed Aud as 
this latter immense stairy i» not of oi|ual bie6^ lustre in 
every part, nor runs on iq one strai|^t iBrMfion, bpt kimrrnd and 
even divided into two streams diong a very portion Of 

It, we may likewise expect the greatSat ygrl^r ni tW straj» of 
other clusters qf stars and nebnlm, 006 ii^ hod* if 

so rich, that in passiug 

minutes, I ddhwted pn Has iim it ba. 

a fine blue sky. Tbw antiM^fud fbl^W^ 61 #81 'aaieoHditkm, 
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R1 

seems to denote the areetest va?i^)F imftginabli^. le another stra- 
tum* or perhaps a difihrekit of the former, I have seen double 

and treble nebulas variously arranged; Urge ones with Hmall, seem- 
ing attendants ; narrow but much esUnded. lucid nebutm or bright 
dashes; some of the shape of a fan^ resembling an eleotrio bnish, 
issuing from a lucid point; others of a cometic shape, with a seeni- 
ing nucleus in the centre : or like cloudy stars, surrounded wUh a 
neDidofts atmosphere ; a different soft again contam a n^bulositv of 
the milky kind; while others shine with a fainter, mottled kind of 
light, which denotes their being resolvable into stars/’ 

These observatiofis serve to prove the mlimate connection between 
the nebulous atvd sidereal condiHon ; and, althoufi^ in passing from 
the one to the other, a ntimbmr of ambiguous obfrets are to be met 
with, yet this apparent uncertainty in the construction is only die 
consequence of the want of an ad^^uate power in our telescopes to 
shew them of their real form. There is, bowevm, no reason 40 
expect (hat an increase of light and distinctness in our telescopes 
would free us altogether from ambiguous objects ; for bv improving 
our power of penetrating into space, and of defining those which at 
present appear indistinct, we should probably reach so many new 
objects, that others, of an eqpally obsenre construction, would 
obtrude themselves, even in greater number, on account of the 
increased space of the more distant regions in which they were 
situated, 

Br, ITcrschel is of opinion that there is some operation going on in 
the heavens, by which new sidereal bodies are giadunlly and nio- 
gressivelv formed or drawn into clusters or nebuim ; and that tncne 
clusters in time become more compressed 01 condensed, and ulti- 
mately assume a globular form. Tlie power bv which these extra- 
ordinary operations are perfortncil, Br. II. calls th*^ cfttstfrmg power. 
And he thinks thu( in time this power will have the effect of coin-^ 
pletely breaking^up the Milky Way, and of converting it into glo- 
bfflur insulated elustcis. For he says, ** 8 idce the stars of the 
Milky Way are permanently exposed to the action of a power 
wheieby they are irresistibly drawn into groups, we may be certain 
that from mere clustering stars they will be gradually compressed 
through siiocessive stages of accumulation, till they come up to what 
may be called the ripening period of the globular form, and total 
insulation ; from wbidi it is evhleiit that the Milky Wa> must 
be finally broken and cegse to be a stratum of scattered 
stars.” ^ 

** From this gradual dissolutioti of ihe Milky Way,” continues 
the Doctor, we may draw a veiy important conclusion ; for the 
states into which the inoessanl cclw of the elusteriog power has 
brought it at present, is a khid of chrOncMnetcr, that may be used to 
measCre Urn time of its past and fhturc existence ; and although we 
do not kndw ^ rCte of going of this mysterious chronometer, it U 
nevertlm 1 efai^ei^*p, that, since the breaking up of yarious parts of 
^be Milky Way affords a proof thht it cannot last for ever, U equally 

O 
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boars witness that its past duration^ be admitted to be 

infinite/ 

If we reflect for a moment oti the amamiia Dumber of stars which 
the Milky Way contains, and grant that all the other nebulas which 
the powerful telescopes of Hersohel have enabled him to disco* 
ver, are composed of distinct individual stars, Iben may ive exclaim 
with the Psafinist, 

** The heavens declare the glury of Ood, and the Snnament sheweth bis faaiKijr 
work/' 


OF THE DISTANCE OP THE STARS. 

How distant some of the nocturnal suns ! 

So distant says the 8Hf(e, *twere not absurd 
To doubt, if beams set out at Nature^ birth, 

Are yet arrived at thib so foreign world ; 

* Though nothing half so rapid as their flight. 

An eye of awe and wander let me roll, 

And roll for ever. Who can satiate sight 
In such a scene, in such an ocean wide 

Of deep astonishment 7 Where depth, heighlb, breadth, 

Are lost in their extremes; and where to count 
The thick-sown glories in th^ field of fire, 

Perhaps a seraph's confutation hdU. Yoonc. 

• ' ■ • f ' r , 

To find the distance of tlie fixed stars is a problem which many 
eminent astronomers have attempted to solve ; but tnotwithstiinding 
all their skill and exertions, this desirable object has never been 
satisfactorily accomplished. Various methods have been pursued 
w'ithout success ; and the result of the finest observations has 
scarcely given us more than a distant approxirtiatten. For tr^go1^)•• 
inetry, by whose powerful assistance, the miitheimatieian has boldly 
ascended to the planetary regions, and: measured the diameters and 
orbits of the various bodies which coUipCso the system,: for 
want of a ptoper base, ts here but of iitfie 
diameter of the edilh^s orbii, which is 

is a mere point when compat^d with tkc of il^ 

fixed stars. Now as this base eantfCt be enlarged,; jbe duly clsance 
that remains of solving "the prt^ieni mathem^C 4 tf;|^/m to 
to improve the instruments which 10*6 employed wmeastn^ 
parallax ; for unless this is aecuit^y asoertaiited, it is impoSw^le 
to find their real distance. f But tbeMaccuhfoy '^ 
instruments which buve 

and assiduous astronofoeni, in atteid|i^%^|M ' 

of the stars: leave hope 

— <rrrr^T^‘ 

* In Bode*s Atlas €oals8ila^ In thaia^hy 

Way, to which 

ill tho less rich par|i$ bf|hat Sjsr|i|PifiBg rsgiDii ^^ , / . • 

^ See An explanation of (hU-term at pa^ ' 9 .' - v ' 
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being mads. Dr, 3radli^ Elites ’os# that had tho parallax of 
y Draconis amouated to A he must have perceived it 

in the gredt imnihep made upon it; and that it 

seemed to him/ that star does not amount 

to a single secbndy and conseqtii«nd|jj^,that:rt is above* 4fWKOOO tiin^s 
farther from us ihag san, or 88^,Ok>6»iEH)0,(H^iOOO But as 

this is Ottty a bright stkr of tha, third magnitude, ** it is probable,” 
says Dr. Herscbel,. thai i^. pa^^tidtEX is, much Jess than that of a 
star of the magnitude.’^. ■ _ 

Allowing this to be the case, and sttpj^iag the parallax of a star 
to amount its distanoe odtinot be less than. 103,130 

times the breadth^6f :^e earth's' orbit, bt 19,604,7^,000,000 miles. 
As diese distances are so immensely greats it may amuse as well as 
assist the mind, in forming a more cemrect idea of their vastness, to 
compare them with the velocity of some moving body which may be 
measured. . . ' 

The swiftest motioii of which we have any knowledge, is that of 
light, which passes from tlie sun to the earth, or 9$ million of miles 
in U minutes 13 seconds, would require more than 3 years to pass 
over the former of theabbve distances, or to arrive at the earth trom 
y Draconis : and above 3 years to pass over the latter, or from one 
of tho nearest of the fixed stars. But a cannon-ball, though continu- 
ing to move at the rate of 20 miles per minate, would bts 3 millions 8 
hundred thousand yoars in passing worn f Draconis to the earth, and 
1 million 9j90 thousand years in passing from the near€v»t fixed star. 
8ound, which moves at the rate of about 13 miles in a minute, would 
lie 5 mUiton 600 tiiousand years in traversing the former distance, 
and 2 million 800 thousaud, in passing through the latter. 

The celebrated astronomer, Huygens, pursued speculations this 
kind so far, as to believe it not impossible that there may be stars at 
such inconceivable distances, that their light has not yet reached the 
earth since their creation. . , 

The late Predbssor Playfaiti^ in apealdng of the fixed stars, says, 

As it cannot dOopt^ that, the fixed stars itee tumiuous bodies 
like the sun, it is probable iliai they are not nearer to one another 
than the sun ix to.tM nearest of them. Wb^n, therefore, two stars 
appear jike atar, oryery nesfr to one another, the one must 

bo placed far ^e other, but neatly In the same straight line 

wbftia seen from the earth* . The saa|e must hold, at least in a certain 
d^^e, wherever a great number of . • sl^rsafe ejeeii concentrated in a 
small spot. In the siiairy Jfebul«» !»nejb?,as she Milky Way, which 
derive their light from, tho appearing as if in 

contact with eaqh i| ib |dam distant of these 

mimt many thonsbnd Hmes farthejb:^ th^n the nearest, and light 
^‘must of bourse requim wapy .^usaiid to come from thettf to 


* Varimii.iletkodts have been propoiK4^.,ldid. repeatedly sfteinfi|sd, In order tn 
discover ^ ptwallax of the stare, by ifitttiF.l^isbraU*d aalronoiiiari,,- whhout auc- 

ceas ; but thia^ls a subject which does to a work like the preHHit, 


6 % 
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tile earth. The poet has been taxed with exaggeration who 
spoke of 

Fields of jradiance, whose unfading light 
Has travelled the profound six tbousa^ years. 

Nor y^t arrived in sight of mortal things. 

Yet the fields which he describes are far within, the circle to which 
the observations of the astronomef extend.’* 

Dr. Halley has also advanced what, he says, seems to be a meta- 
physical paradox; namely, that the number of the fixed stars must 
be more than jfinate^ and some of them at more than finale distances 
from us; and j^ddisoti has justly observed, ** That this thought is 
far from being extravagant, when we consider that the universe is the 
work of infinite power, prompted by infinite goodness, and having 
an infinite space to exert itself in, so that our imagination can set no 
bounds to it.” 


OF THE NATURE OF THE FIXED STARS. 

Ten thousand sons appear, 

Of elder beam ; wbicH ask no leave to shine 

Of our terrestrial star, nor l>orrow light ' 

From the ptoud regent of Our scanty day. 

Baebaiilu'. 

The immense distance of tlie fixed stars leaves us but little hope of 
ever being able to determine their nature with complete certainty. 
By analogical reasoning, and a careful attention lo the various phe- 
nomena which they present, we may make approaches to this inte- 
resting and important discovery^ 

From the fruitless attempts which have often beea made to deter-, 
mine their annual parallax, it is fully ascertained are many, 

thousand times farther distant from us, than the niOst remote planet 
which belongs to the solar system : and yet some them sWe with, 
a degree of brilliancy, which even rivals that of Yenus. or , Jupiter. 
Hence it is evident tbev cannot derive their light dm Fame 
source as these planets do, viz. from the sun; and. ^e4ved 

their light from any other luminous body wbiefa was .iie.am ^eni,,that 
body would certainly be visible to ns, as well as those, to 
iH)mtpnnicated die light which rendered th^ Visible. But ins We 
khow of laminoiia body betside th^ sun , 

could derivevtbeir light, it follows th^ they shiaoWwi^fr;.^^ 
native light. ' One powerful argument in oj^tOjon is.,, 
lhal the starA appear to be much less when 

telescope, tliab they do to the naked evO; Ip? to Imlmeie;^ 

biiiiiiioiis points When viewed througfi ^^te^escdpe^ iwhkh ii^^^gin^^^ 
ihrte or four hundr^ times. Now, if they shout by e 'borrowed 
light, they would be as invisible tojthe nak^ eye as the satellites of 
%lupiter or Saturn.' But, though these satellites be invistble to the 
naked eye,' yet, when viewed through a telescope of a tolerable 
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magnifying power, they are not only seen distinctly, but they appear 
to be miieh larger than any of tb4 fixed stars. Hence it is interred 
that the fixed stars shine by their own proper lights and when their 
immense distances are taken' into aOiCOunt, we cannot hesitate to ad- 
mit that their real magnitude oonsiderably exceeds that of any of the 
planets. The fixed stars# then# seem to be of a nature very similar to 
the sun; and that they are suns ii^ealtty scarcely admits of a duii()t; 
for the analogy between them may bo traced in many particulars. 
The sun turns on his axis j; so do v^hny of tha fixed slurs, and most 
probably all.^ The sun has spots on bis surface ; so has the star 
Algol and sbmeotbms# and probably all the stars of the heavens. On 
the sun these sp^ are changeable; so they are on several of the 
stars# as Dr, Berschel and some Other astronomers have repeatedly 
observed. If, then,, the fixed stars resemble the sun in so many par- 
ticulars, is it not highly probable that each of them is designed to 
answer similar purposes ? Is it not reasonable to conceive that each 
star is the centre of a system, and has planets revolving round it. 
which are illuminated, warmed; and cherished by its light and heat. 

We cei taiidy cannot imagine that die fixed stars were formed for 
no otlier purpose than to oaat a faint light upon the earth, especially 
w hen we consider that^we ha^e Incomparably more light from the 
moon than from all the stars put together, and thatinnnmorabic stars, so 
fur from giving us light, are'^ot even discernablc, witliout the aid of 
the most powerful telescopes. 

If our sun# with the whole system of planets# moons, and comets, 
were to be removed to the distance of the nearest fiied star, not one 
of them would be visible except the sun, which would then appear, 
not with the brilliancy and lustre which he does at present, hut like 
a star of the first or second magnitude. Instead, Uierefore, of looking 
upbirthe fixed stuns as a curious species of twinkling flanies huiig up 
in ihb spacious catiopy of heaven, merely to ^itriiumeiit it, or to add to 
dib' delight of man, let us, suffer otir conceptiuds to expand till they 
embrace a wider field of hoiitemplation i but in doing this lot us also 
keep within the boond^of probability, which the true astronomer 
on no occasion goes beyond. 

When the^ imitiehse oisfance of the fixed stars is talten consi- 
defatteh, we sVall hot be acciis^d of soairing- into the regions of &ncy, 
although we affirm each of these surs not only to be a sun with a 
sy^teiU of planets and comets moving round it, but that it is highly 
probably each star is at (east equal, both ;ii,)[^Uiancy and magnitude^ 
to httu himself. . An^if it onc^ be admit^ that each star is the 
a system# aiitd hjim planets dr earths, rdvolving round it in the 
jiame banner as dur sun ’has, is it not agreeable both to reason and 
.M" expose these planets inhabited by raUonal of natures? 
.part of maites upon which we have any of^rtunity of 
making Nervations, is found fitted for the habitation and support of 


* The peri^ In which the star Algol goes through its vaiiatio^ iS tao days 
twenty ^ne hburSi, 



8G OF IHK NATURE UF THE FIXED STARS. 

ltviii(2; creatures peculiar to itself; when we meet with no part of na- 
ture l}ini; waste and uselesb; and when we find that not only seas, 
lakes and rivers, mountains and valleys, trees and heibs, grasses and 
llio aniinaU that feed upon them, teem with life ; but even the blood 
and humours of animals, when alive as well as dead, support their 
re spective inhabitants ; shall wc, with aucb scenes bc^re our eyes, 
and in direct opposition, as it werd", to the voice of nature, indulge the 
contracted and unreasonable notion, that the millions of globes which 
compose the universe bre banen and void? Is it not more rational 
to suppose them the abodes of intelligent beings; of beings capable 
of loving and adoring their Creator, provided with overy thing neces- 
sary for their comfort and support, and possessed of capacities neces- 
sa^ for social intercourse and active life? 

IVhere things do not admit of mathematical certainty, moral cer- 
tainty oiifflit to be indulged, especially when aided by the analogy of 
things which are both known and natural. It wrmld almost ho ns 
ii rational to suppose animals with eyes destined to live m eternal dark- 
ness, or without eyes to live in perpetual light, as to imagine Npacc illii- 
ininated where there is nothing to be acted upon. The fixed stai s were 
surely not created merely for the purpose of enlightening a void ! All 
great astronomers, with Newton at their head, have maintained that the 
stars aie all suns, and surrounded with planetaiy bodies wbiiii they 
enlighten, warm, and chetUh in the same inanuer «ts the sun does the 
bodies winch circulate ^ound him. And the criebiated Huygens 
says, ** Why should we conclude that our atar/^tlml is the sun) has 
b< tter attimdance than others ^ They must all have their planets and 
animals ; nay their rational cieatures But we for bear to proceed 
fill ther ill the patli of speculation on this sublime subject, although it 
IS almost impossible to avoid it; for when we reflect on the millions 
of millions of tvmld$ placed at the distance of millions of miles from 
«^^cli otlier, and each of these worlds iobabited by millions of rutimal 
cirafurcs, formed for iievei-endiiig felicity, the idea though delightful 
must necessarily be vague and indefinite. Really when indmgtnE 
such contemplations, we eSn scarcely help acknowledging, that ail 
our science is us nothing, and that wo have yet to be initiated in the 
principles of a new notation, which may enaUe us to compr^nd 
these astonishing numbers. 

My Boul unased to stretch her powers, 

In flights so daring, drops her weary 

And seeks again the kninm aeeustoimpl spot 

Dveat up with son and shade, and lawvu^ sihI streams, 

A mansioii fais and simcioas for its guea^ 

And full replete with wonders. 


Barbauld, 
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OF ECLIPSES. 

Of all the vvioua phenomena of heavens there are none vthich 
have created so mu<^^ ovriosity, excited so much interest, or caused 
so great terror throughout ihe Ivorld^ as eclipses of the auto and moon ; 
and to those who are^unacqiiainted^ l^ princi|d«s of astronomy 
there is nothing pei^aM /which appoai^ extraordinary than the 
accuracy with which fi^y can be prieKlicted. 

In the earlier ages of the world» before science had enlightened the 
minds of men, appearances cf this kind, were generally regarded as 
alarming deviations from the established laws of nature; and but few, 
even among philosophers themselves, were able to account for these 
extraordinary appearances. At len^h, when men began to apply 
themselves to observations, and when the motion^ of the celestial bo- 
dies were better understock, their phenomena were not only found to 
depend upon a regular cause, but to admit of a natural and easy so- 
lution. There are, however, nations that still enteitaiii the most 
superstitious notions respecting eclipses, particularly the Mexicans 
and Chinese, whose conduct on the appearance of a phenomenon of 
this kind is well described in the following lines : — 

Thiia when the infant moon her circling sphere 
Wheels oV the snn's broad disk, her shadow falls 
On earth's fair bosom; darkness chills the fields, 

And dreary nif^t invests the face of heaven. 

Reflected from the lake full many a star 
dimmers with feeble languor. India's sons 
'Alfidghted in wild tumult rend the air. 

Before his idol gOd with harbVous shriek 
The Brachman * falls : when fiooo the eye of day 
Barts his aU-cheering raduMice, from tlie ^loom 
Emerging. Joy invades the, wonarin^; crowd, 

And acclamation rushes from the tongues* 

Of thousands, that around their biasing pile 
Riot in antic daiiM and dissonant semg* 

ZotJCK. 

Many instances are to be found, not only in ancient, but even in 
comparatively modern history, where the superstition of the times has 
continued to connect the records of eclipses with the detiils of some 
remarkable event, which either ha{meBS soon after or during their con-r 
tinuance. But these dc^s betugfoimg^to the nature of the present 
work, we shall prbo^d tn[;)|ive an of the^uses, and various 

kinds of eclipses of tiie sun tUid piopni^ ' 

w ’ ^ Teach me the various Ubours ol the moon^ 

And whence proceed th' ecliimes of the sun* 


* Although the Chinese perform the most ridiculous and superstitious Ceremo- 
nies during fhe jime of an eclipse, yet timy can calculate them with the greatest 
piccisiod,. '■ 
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As every planet boloiiging to the solar system, both primary and 
secondary, doiives its light from the sun, it must cast a shadow to- 
wards that part of the heavens which is opposite to the sun. This 
shadow is of course nothing but a privation of light in the space hid 
from the sun by tlie opaque body, and will always be proportionate 
to tlie relative magnitudes of the sun and plaiijet* If the sun and 
plaiu^t were both of the same size, the form of the shadow cast by the 
planet would be that ot a cylinder, the diameter of which would be the 
same as that of the sun or planet, and it would never converge to a 
point. If the planet were larger tlian the sun, the shadow would 
continue to spread or diverge; but as the sun is much larger than the 
greate.st of the planets, the shadows cast l>y any one of these bodies 
must converge to a point, the distance of which from the planet ivill 
be proportionate to the size and distance of the planet from the sun. 
The mugnitude of the sun is such that the shadow cast by each of the 
primary planets always converges to a point before it reaches any 
other planet; so that not one of the primary planets can eclipse ano- 
ther. The shadow of any planet which is accompanied by satellites 
may, on certain occasions, eclipse these satellites; but it is not long 
enough to eclipse any other body. The shadow of a satellite or 
moon may also, on certain occasions, fall on the primary and 
eclipse it. 

Kcli|»ses of the sun and moon happen when the moon is near her 
nodes, that is, when she is either in the plane of the ecliptic or very 
near it. 1'hose of the sun ha)>pen only at new wieun, or when the 
moon is in conjunction witli the sun; whilst those of the moon iiapp'O 
at the time oi'/ull moon, or when Uie moon is in opposition to the sun. 
The sun, earth, and moon, must therefore always be^ nearly in the 
same straight line at the time of an eclipse ; anci conversely, when 
tliese three bodies are nearly in a straight line, an eclipse must take 
place. Hence, it is evident, that an eclipse hanpens in consequence 
of one of the two apa<:|ue bodies, the earth and the moon, being so 
placed as to prevent the sun's light from falling on tbe other.— See 
the following figure, which represents the moon passing through the 
iliirk shadow of the earth, as she moves in her oibit n z, while the 
earth moves in the ecliptic r. 7. 



The interposition of the moon Imtween the sun and the earth pro- 
duces an eclipse of the sun ; and the intei:position of the earth between 
the moon and the sun,«o that its shadow falls on the moon, produces 
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an eclipse of the moon. On these principles tlie whple phenomena 
of eclipses depend, and ^dmit of conipleie explanation. 

If the moon’s orbit were SoincideM with the plains of the ecliptic, 
the moon’s shadow M'ould fall upon the eairth, and occasion a cmtral 
eclipse of the sun at every conjunction^ or new moon ; whilst fee 
euriirs shadow would fall on the rnoon^ and occasion a total eclipse 
of that body at every opposition or full moon. For as the moon 
would then always move in the clipUc, the centres of the siin^ earth, 
and moon, would all be in thu aame straight line at botli of these 
times. But the mooirs orbit is inclined to the ecliptic> and forms 
with it an angle of aliout *3'^ 10’; and, therefore, the moon is never in 
the ecliptic except when she is in one of her nodes: hence, there may 
he a considerable number of conjunctions and opposition^ of the sun 
and moon without any eclipse takiug place. 

The moon is alw^ays at some distance from the ecliptic, except 
when she is in one of her nodes ; and this distance is called her lafi* 
iude, which is north or south, according as the moon is on the north 
vr south side of the ecliptic. Now if the moon 1ms any latitude, 
there cannot be a oentral eclipses for this can only happen when the 
moon is in one of her nodes at the moment of conjunction, which Is 
very seldom the case; and, of course, very few central eclipses of 
tile sun have taken place since the creation of the world.*' But the 
section of the earth’s shadow (through which the moon passes wlien 
she is eclipsed) being much larger than the disc of the moon, the 
moon may be totally eclipsed, although she be at some distance from 
her node at the time of opposition ; but its duration will be the greater 
the nearer she i^^the node. An eclipse of the sun may also happen 
although the mcmii he at some distance from her node at the lime of 
conjunction; but its form, as w'eli as its duration, depend very much 
upon that distance. 1'his circumstance has occasioned the division 
of eclipses into central^ total, annular, and |krtiat. 

As the meaning of these t^ras must he odious to the reader, it is 
almost unnecessary to give an explanation of them, 

A central eclipse, is that in which the centre of the shadow falls 
on the centre of the body which is eclipsed. 

A total eclipse Is the obscuration of fhc whole body eclipsed. 

An annular eclipse is that in which the whole of the body eclipsed 
is Iiid, except a ring round its edge, which remains luminous. 

A partial eclipse is that in wtuch part of the eclipsed body is bid 
from view. . ‘ , v 

The following figure sun, which 

will be visible to &at ajs'O, the line m n 

marks when tlie greatest dbecur^itibti. ^ ' 

- - - . 

* One of the most remarkable eclipM of this kind which baa ever happened^ 
Was visible in Britain and several ether eDuatrics, on ttic 7th of 
Ifc-iO., ' - 
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If the distance be very small, the eclipse will be the jfrcntfr and 
continue the longer ; but no eclipse of the siiii can be either ceutral 
or total, except the moon be in the very node at the time of conjunc- 
tion. But should she be in this situation, when she is at her least 
distance from the earth, and the earth, at the same time, at its least 
distance from the sun, then the eclipse will not only be central but 
totals and continue so for a few minutes. But if the moon happens 
to be at her greatest distance from the earth, and the earth at its 
greatest distance from the sun, fhe 'eclipse will be annular, or a small 
space round the sun’s centre only will be bidl from view, and a brig-ht 
lucid ring round his edge will remain visible. 

Jf the moon be less than 17| demesfrom either node at the time 
of conjunction, her shadow will fall more or less upon the earth, ac- 
cording as she is more or less within this limit; and, of course, the 
sun will suffer a partial eclipse. And if she be less than 12| degrees 
from either node at the time of oppositioh^ she will pass through 
more or less of the earth’s shadow, according as shllis more or less 
withinlhese lines, and of course she will suffer an eclipse. 

As these limits form but a small part of the moon’s erbit, which is 
360 degrees, eclipses happen but seldom ; however in no year can 
there be fewer than two, and there muy be seven of the sun and moon 
together*— but taking one year yith anothmr^ there are about four each 
year. But as the sun and moon spend as much time bdloy the hori- 
zon of any place as above it, half the number of the eclipses vrill be 
itwmbh at any particular place, and conseqireiitly there will be only 
tuio eclipses visible in a year at that place, .me one of the sun and tbe 
other of the moon.* ; v . - 

Every eclipse, whether of the sun br^mtbdn, is emife at some place „ 
of the earth’s surface, and invjsihte at Others ; Yor the'iydohal^fizon 
of every place divides both the ' jbto.:l^Q if^ual 

portions oriietmuj^lteres; and as ho t^Sestiid 
it be above thi^ipectator’s horiaon^lllbUowU* 
is visible in the one hemisphere 

the body which is eclipsed is below hf tl^ otbOr. If a 

lunar eclipse, for example, happeDS.a^ of thehtgfai,'heivi^i^ 



. •If tlcre be seven echpiei In .W hre of them must be of ; thu mm and 
two of the moon. ' " 
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the time of suD-8ettiii(|^ 4ay particular place, U will 

be ymble there and invisifitoio the opposite heiiijs> 

phere, who havd ti^e, ouo; aboye, iM; that time ; for the sun 

and moon are in oppo^l^ p^ita oC he^a^nf at the time of a luiiur 

eclipse. And with teiilti^ ectipOes^ it is evident that tiicy 

can only be'ire^n^^.^y ^ ia above the horizon ol' 

that place. TliiMre with regard to the visj> 

bility, of a solar andi Itinar ecUpsj^; for an echpse of the moon hus the 
same apflearatice to all the iniiabitaiita. of that hemisphere to which 
the moon is visible at the time, in part, to the small dis< 

lance of the moon from the ea^. ^ni a^ eclipse of tlie sun may bo 
visible to some places and invisible ^ others in (he same henitHphore 
of the earth, because the moon^s shadow is small in comparison of 
the earth ; its breadth, excluding the penumbra, is only about IBO 
miles even in central eclipses/ .Hence those places which are con- 
siderably distant from the path of the shadow will cither have no 
eclipse at all, or a very small, one; while places near the middle of 
the shad(3w will have the greatest possible. There is also a diderence 
in tlic absolute time at which a solfur eclipse happens at the various 
places where it is visible; for it.appCflU^s more early to the western 
parts, and later to the eastern, oit' aceoinht of the moiinh of the moon 
(and of course her shadow) from west to east, 

III most solar eclipses the moon’s disc may be obse rved by a teles • 
cope to be^cov<;red by a faint light, whicli is attributed to the re- 
flexion of light from the illuminated part of the earth. Uheri the 
eclipses total, the moon’s limb is surrounded by a pal<> circle of 
light, which som^ astronomers consider as an indication of a lunar 
atmosphere, but others, as occasioned by the atmosphere of the sun ; 
because it has been observed to move equally, with the sun and not 
with the moon 

Dr. Ilu|ley, in describing a central eclipse of the sun, which hap- 
pened ^ London in April,., (71^,. lljfet hUhough the disc of the 
Bifd Was 'wholly cateTed;:by the inqpli, a luminoti# ring of a fainjt 
pearly light surrounded the>body qf tbi tnoou the whple tiijte ; and ib* 
breadth was nearly a tehth.pf the moon^s dinmeter. 

In lunar eelipWtlvJ^^ dfscq>pears entirely; and on 
some occasions,- even/ti»« spots mdy be distiuguished tbrfiugh the 
shade ; but this, mm only % th^ When the moon is at her greatest 

distaitce from Ae earjtji pf xt)ie .^bpSe, for the nearer the 

moo^ is to tbeearjthii^ w some instances, 

hjam tbo celeWated astronomer 

has’ mbon boutc not be seen 

a telwcope* was remarkably clear. 

^^Ithdpgjh oclipsea of tBf were Fong consnlered by 

ilpdraot and yet tliey are of the 

r'^at^UsalnaatrOnoii]^, employed to improve some of 


* A p4svWhra is ilie faint shadow pdm^(|<| hy an otntqMe body when opposed 
(o one. , ' , . " ‘ 
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the most important and useful of the sciences* By eclipses of the 
moon the earth is proved to be of a globular form* the sun to be greater 
than the earthy and the eaith greater than the iNiMNt* When they are 
similar in all their circumstances* and happen at considerable intervals 
of time, they also serve to ascertain therefti petiod of the moon’s mo- 
tion. Ill geography eclipses are of considerablf^ use in determining 
the longitude of places, and particularly eclipses of ibe moon* because 
they are oftener visible than those of the sun* and the same^eclipsc is 
of equal magnitude and duration at all places where it isiseen. In 
chronology* both Solai^ and lunar eclipses serve to determine exactly 
the time of any past event* 

We* in the dark eclipse, with filial awe 
Trace the all-gracious Parent of the spheres * 

Their distances and their proportion learn ; 

Extending navigation ; securing 
The mariner thro’ the tremendous waves. 

Eodosia. 

I'or the purpose of finding the longitude at places on the earth* 
eclipses of Jupiter's satellites are found much more useful than eclipses 
of the moon ; not onlv on account of their happening more frequently* 
but on account of their instantaneous commencement and termi- 
nation. 

When Jupiter and any of his satellites are in a line with the sun* 
and Jupiter between Hie satcdlite and the sun* it disappears* being 
then eclipsed, or involved in hit shadow. W hen tlie satellite goes 
behind the body of Jupiter* with respect to a spectator on the earth* 
it IS said to be oevulted^ being hid from our sight by his body* whether 
in his shadow or not. And when Hie satellite comes into a position 
between Jupiter and the sun, jt casta a shadow on the face of that 
planet* which is seen by a spectator on the earth as an obscure round 
spot. Lastly, Mhcn the satellite is in a line with Jupiter and the 
earth* it appears on his disc as a round black spot* which is termed a 
transit of t^e satellite. 

As these phenomena appear at the same moment of abieiute time 
at all places on the earth to which Jupiter is then ^isiUei but at dif> 
feretit hours of telaHve time* according to the distail^^e totween ilm 
meridian of the places at which observations am inadd^ it foHoyvs 
this difference of time converted into degrees will haej^djtfhvence of 
longitude between those jplaces,* Suppose* for ^at a per- 
son at London observed an ecIipSe to begin at in the 

evontng, and that a person at Barbailoss obs^tYed^$e'’8aiike at 7 
o'clock in the evening* it is certain the eclipse was seen 1^ both per^ 
sons at the same moment of absolitfe time) although UTerg is font 
hours* difference in their mSkhnar' cf recitohitig that time : and this 
converted into degrees (at the Vgle eft$ degrees to an hour)^ia the 


* Abgnlute tunc is that which computed from the Same moment ; rehdfveis 
that whitb is Lommitvd from different momenti. 
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difference of longitude between these two places— tlierefore Berba- 
does is 60 degreitiS jlnini London, the time not beiiig so fur ad- 
vanced there eeAt Limdpm , . 

Another ph^omeno^, seraewt;«t similer to an eclipse, sometimes 
Ukes place, hgTHdu^’tlje h>ngitude.;ef places niay be. determined, 
although not (|tiite (i.o easily* nor j^b^ so accurately,, as by the 
eclipses of Jop|f|lr’B;-ilttelK'tes«<.' or obscuring of a 
fixed ftar .or phmj^.'bjt.the mbon.or pthetr lplaaet, which takes place 
whenthe-mobodr .pbmet is in oonjunttijoia with thb, star. Appehr- 
ances of ^ It^d.We termed . occultatjons. They are. very little at- 
tended tb bki^t by praeb'eal antronom’ers, who empioy.them for the 
correction of the lunar, tables^ and settling ^e longitude of places, as 
already stated. 


ON UGHT, 


Fairest of beings I first created light ! 

Priiiiie cattso of bnaoty ! for. from theo alone 
The sparkUng gein« the i^otable race. 

The nobler worlda that Hve and breathe their charms, 
The lovely hoea peculiar to each tribe, 
l^'roiii thy unfading source c^ aplandoiit draw 
In thy pure shine, %«ith transtmrt I survey 
This firmament, and those her rolHng worlds 
Their magnitudee and motions. 

Mallet. 


Tho nature of Light been the sul^'ect of speculation and con- 
ecture among philosophers, from the first dawnings of pliiiosofihy to 
the present day. Blit' of all the conjectures which have been ad- 
vanced on this curious and iiitercsting subject, there is scarcely one 
siippone<l by evideUee sufficient to entitle it to preference over the 
otiior.' There are, however, two opinions oti this subject which bare 
prevailed more generally than any of the others, and therefore, it may 
be proper to notice them here, although the design of 4he present 
work is rather to ^dte whut is known respecting any phenomenon, 
than to indulge in it. 

The celebrate)^ Hnyg^g considered light as a subtle fluid filling 
space, and rendering ,1^ vUlbie by the undulatbiis into which it 
wHsf thrown: ito th^^ ihe>un rises it agitates 

lids flurd, graaufdly ihei^^ at last 

striking agajin;^ o%'eveSf we see wiifiihb- ^ HyiTgcns 

was adopts by Eufeitp one n^thenKiticians thnt .r^vcT 

itvedx yMfexert^ matfiemalyeab skiffs 

K Hewtofi and pliilosophers consider, 

light wusubs^nce oonstaiillyi.ieparatii»g 

fi^m Imdies^ mpviim tines^ and rhilderinf other 

' b.)dit‘S Itimffiiriuii passing uodi^'pelA kiicl entering the eye^ ; 'j#bWr 
ton haab^ at great pains to esi^l^aktbis theory, und ha»^ certainly 
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*howii that ah the phenomena of light may be mathematically deduced 

lluvgens and liuler have attempted to 'support Aejr. hypo- 
thesis rather by starting objections to Newtons, lba.^_ by brutging 
forwald direct prbofe. JSewlon and **'* 

have shown that the known phenomena of hgM ate, witn 

the undulations of a «oid, and that on such a ^uppt^toap tlmre can 
he no such Eg as darkness at all. They have also bright foward 
-1 ATP-it number of direct arguments in support of their 'thpor^;i^icti 

ference to any theory, we shidi proceed to 

lloGmcr a Danish astronomer, whde engaged in mal^gonsenrar, 
<: n • nn the satellites of Jupiter, found that in eclipses they cmerj^ 

Srhe shX ifeertaiLV® » 

a few minutes sooner than they ought to have done according to the 
tables ^which had been previously constructed to shew the times oi 
their' revolutions, eclipsw, See. On comparing these^ ^parent irre- 
iriiiaritios together, he found flmt the eclipses happened before oi alter 
Uio cEuS^^^ according as the earth was neater to, or farther 
fron? Jupiter. Hence he formed the ingenious conje^ure, which was 
deCnstraledto be Oie case that the mo^ 

•.taiilaiioous, as was then generally believed, but that it .rwjuireu a 

r rtain porUoii of time, to pass from the luminous b^y to. the eye of 
U l EM-rver. According to lloemor?s calculation, Mt was ubout sccen 
« H«It's in traversing the radios of foe eat^V mbit ; but it has since 
bet n found that when the earth is exactly Imtwwn “ 

sun saiellites are eclipsed about minutes si^er than foe Ume 
svia,to sale but when U»e earth is nearly in foe opposite 

found bj ■ • i,-n,«,n about B-t minutes later than that deter- 

''‘•‘edbvtheSos iiSiereforeconcludedlbatlighttakesopa^ut 

16 j miiiiitos oil V hundred and. binety millions 

Jfoles* it therefore moves at foe rate of nearly 2<»;W ^ 

seioiid, which is about 1©.300 times taster tban the eaifo m ita prbfo 
anil l,&o0,000 times quicker tlian a wnnon Ml<r ; . 

BehoW the light Smitted ftomiUteiMlBl ', 

What more fhmiliar,,»a<i 'what mere ttBkMwn J 

While by tti spreading . , 

AllNatare'srece,itsUlitseW^^^, 

See how each morn it does i^he^ dsm^, . .. ' 

And on iU golden wuigs bring back the-day , r 
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BiACXMORfi«: 

Tb|^ y^lpcit^ of l\Ai being knowiii it is easy to know tlie time it 
requires to arri'^ at the earth tVqm a<^of the planets, or even the fixed 
stars if their' iliatanee known. For it has been ascertained, that 
the reflected light of the pfaiiets and satellites, travels with the same 
velocity as the direct If^it df the stin or fixed stars; and that the 
vetocity is the same from whatever distai^ce it comes. 

The discovery of Roomer has been completely confirmed by ano> 
ther most important cliscdyery made by our countryman Dr. Rrud- 
ley, while engaged in making a series of observations, with a view to 
determine the annual jparallax of the fixed stars. This celebrated as- 
tronouK^' found that the aberration or difference between Ihc true 
and apparent place of a fixed star, is occasioned by the progressive 
motion of light, combined with the motion of the earth in its orbit; 
Sind thatthis oberriUi^ when greatest amounted to.^O *292. Now^ the 
cvartli describes an arc of 20**232, ih 8' 13", the time that light takes 
to pass over the semidiimeter of theearth’s orbit. This circumstance, 
therefore, not only affords oqe of the most convincing proofs of the 
motion of the eartVih its orbit, but entirely overthrows both thci Pto- 
lemaic and Tychonic systems, and completely establishes the motion 
of the earth. 

As the rays of light are known to proceed only in straight lines frojii 
luminous bodies, and as the earth is constantly moving forward in its 
orbit, it is evident that a ray of light proceeding from any celestial 
body will impinge on the earth at a dinenytit point from what it 
woiifd faarV done had the^earth been stationary, Jt is therefore ne- 
cessary, in making, a^aronomrcal 'observations with nicety, to make 
allowance for the aberration, a fixed star or planet, for ex- 

ample, is seen tltrong^ a tube or, telescope, the tube does not point 
exactly to the irm piace of^lhe star or planet, but to its apparmt 
place, which is.al^a^ i^vanced ih'^e direction we are moving 
thqn Us true place,. ny^'ftqiiiihtity equal the aberratinn of the ob- 
ject.* Rut this will > perhaps, be beUer Jinderstpod by the following 
illustratioOy which is given by,M. lN(ap^rtitis iii his jBlenieuts of Geo- 

^ be pointeiLto 

strikei bfrd, in flight? ^ <ff jibe ^ a 

poiiA httiV before it, in and that, so much* ilie 

, i;he %ht of the bird respect to tlic flight 


. * not only afTerts the Iphgitude of a star or planet,/ hatslso iu 

UUiud)rjdeethlf>i^il’e8, and rigUt aaccDSU^ . ' . 


How soon the elTiilgcnt emanalums fly 
Thro’ the blue gulf of interposing ! 

^ j How. soon their lustre all the rc^oii fills. 

• Smiles on the valleys, and ^Orns ibe hilts : 
Mfllions of miles, so rai>id h their race, 

To cheer the.earth, they in few minutes pass. 

, Anwslng .progress ! At its greatest stretch, 
What human mind can this swift motion reach? 



DO 


OF THE AURORA BORE4U5. 


of tlic shot. In this way of cousidoiing the matter, the flight of the 
bird repic'sonts the motion of the earth, and the flight of the shot the 
motion ot the light proceeding from the object” 

' Many philosopliers have attempted, not only to compare the liaht 
of the stars with that of the sun, but also to ascertain uieir distances 
by comparisons of this kind. 

The Rev. Mt. Mitchell, in un elaborate and ingenious paper in the 
Transactions of the Royal Society, states, that our sun would still 
appear as luminous as the star Sirius, although removed to 400,000 
times his present distance ; and that the fixed stars cannot be nearer 
than this, if they be equal to the sun in lustre and magnitude, and that 
they are so is the opinion of the most celebrated astronomers of the 
picsrnt day. Euler, who has already been mentioned, makes the 
light of the sun equal to 6,o00 candles at one foot distance ; the 
moon equal to one candh tit 7j feet distance; Venus to one at 4*il 
feet; and Jupiter to one at 1020 feet. From this comparison it fol 
lows, the light of the sun exceeds that of the moon 364,000 times. — 
It IS therefore no wonder that the attempts which have been made 
by some philosopheis to condense the light ot the moon by lenses, 
have bi cu attended with so little success. For, should one of the 
largest of the^e Iimhos even increase the light of the moon one thou- 
sand tunes, still, in this increased stale, it will be three hundtodand 
sixtv-loiir times less than tlie intensity of the common light of the sun. 

The miensity ot light has been found to vary as the square of the 
distance ; for, if an object be placed one foot distant from a candle, 
it Hill HTcive tour times nioie light than when it is removed to double 
the distance; niiio times more than when it is removed to thiee times the 
distance, and so on. The refraction, d:c. of light will be noticed when 
treatin', of the atmosphere. 


OF THE AURORA BOREALIS. 

Silent firoai the north 

A blaze of meteorb shoots : ensweeping ftrst 
Tlie lower skies, they all at once converge 
High lo the crown of heaven, and all at onda, 

Relapsing quick, as quickly reaacend, 

And mix, and thwart extinguish, apd renew, 

All ether coursing in a blaze ot* light 

Thomson. 

The Aurora Borealis, or Northern Lights, are luminous meteors, 
wiiich sometimes appear In the northern of 4;he heavens in the 
winter season, and particiilaily in frosty weather. They are usually 
ot a reddish colour, inclining to yellow, but'tliey fieqiiently se-id oiit 
coriiscatiunb of pale whitish light. These seem to use bom the ho- 
rizon in a pyramidical form, and move backwards and forwards wiA 
a tremulous undulating motion ; but on some occasions they sh^t 
to the zenith w ith the greatest velocity, and then form themselves 
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into the mo^t whimsical figures. This has led M. Godin to suppose, 
that most of the extraordinary meteors and prodigies which are stated 
in history to have been seen in the such as battles, and tlic 

like, may probably enough have been produped by particulai forms 
assumed by Aurora Boreahs« 

Brom look to look, contagious thro* the Orowd 
The panic runs, and into wondious shapes 
1 h’ appearance throws ; armies m meet array 
Throni^'d with aerial spears and steeds of fire, 

Till the long lines of fnll-eatended war, 

In bleeding light commixt, the sanguine flood 
Rolls a broad slaughter </er the plains of heaven. 

As thus they scan the \ iSionary scone, 

On all Bides swells the superstitious din, 

Incontinent, and busy Frenzy talks 
Of blood and batUe, cities overturn'd. 

And late at night m swallowing earthquake sunk, 

Or hideous wrapt in fierce BBOending flame; 

Of sallow famine, inundation, storm , 

Of pestilence, and every great distress ; 
lianpires subvers'd, when rubng Fate has struck 
Tb’ unalterable hour even Nature's self 
Is deem'd to totter on the brink of time. 

Not 80 the man of philosophic eye. 

Ami insptct sage , the waving brightness he 
Curious surveys, inquisftise to know 
The causes and materials, yet unfix d, 

Of this appearance, beautiiul and new. 

Thomsoiv 


Tbit kind of meteor never appears near the equator ; but has fie« 
quently been seen towards the south pole, as well as the north. 

Toretcr, in the at-count of his voyage round the woild with Captain 
Cook, says he obseived them for several nights together, in sharp 
frobty weather, and that the y had much the sfimp appearance as those 
observed in the nortli, except that they were of a lighter colour. 

In the Shedand Islands these phenomena are the constant attend- 
ants of clear evenings, and afford great relief to the inhabitants in the 
long and gloOtuy tiigi^fi of winter experienced in this part of the 
world* 

The same kind of appearances are also seen in the northern parts 
of Sweden and Laplana, wliere they are particularly beaniilui, and 
afford light to travellers during the whole night 

By daueing meteors then, that ceaseless shake 
A waving blaze raflmeted o’er Che heavens, 

^ And vivid moons, and stars that keener play 

ith keener Instre IVom the jglossy waste 
Even JD the depth of they find 

A wondrous day : «*nottgh to Ii^t the chase. 

Or guide their daring steps to Finland fairs. 

Thprsou. 

111 Biidson’s Bay tbe Aurora Borealis spread a variegated spleaiiour 
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over the whole sky, not to be defaced even by the splendour of the 
full moon. Jn the north-east parts of Siberia these northern lights 
are observed to begin with single bright pillars, rising in the north, 
and almost at the same time in the northeast, which gradually in- 
creasing, comprehend a large space of the heavens, rush about from 
place to place, with incredible velocity, and finally almbSt cover the 
whole sky up to the zenith, producing an appearance, as if a vast 
tent were expanded in the heavens, glittering with gold, rubies, and 
saphires. A more beautiful spectacle cannot be painted;, biit no 
person could behold it for the first time without terror. For, however 
grand the illumination may appear, it is attended with as much hiss- 
ing, cTackling, and tumult, as if the largest fire-works were playing 
olf. Tlic hunters who pursue the white and blue foxes on the Gi>n- 
fines of the icy sea, are often overtaken in their courses by these 
northern lights; their dogs are then so. much frightened, that they 
will not move, but lie obstinately on the ground till the lioise has 
passed. 

It is chiefly in the arctic regions that the Aurora Borealis aretnost 
striking in their appearance. In England it is only their extremities 
that are seen, and even these have been noticed very seldom: for 
there are none recorded in our annals between the appearance of the 
lemurkable one of Mov. 14Ui, 1574, and the surprising one of March 
(jl.h, I7i(i, which aojieared for three nights successively. Tbis^ one 
was visible from the west of Ireland to the confines of Eussia and 
oast of I’oland, and from the 30th degree of latitude, over almost all 
the north of Burope ; and in all places, at the same time, it exhibited 
the same wonderful appearances. Father Boscovich calculated the 
height of ail Aurora Borealis which appeared on the 10th December, 
1737, and found that it was 825 miles; and the celebrated Bergman, 
from a moan of thirty computations, makes the average height of the 
Aurora Borealis 70 Swedish or 469 English miles. But Euler and 
sumo other philosophers suppose their height to be several thtmmd 
miles 

Aurora Borealis were long considered by the ignorant and super- 
stitious as portending war, pestilence, and famine. Abd this was 
not only the opinion of the iiihabitauts of^tbe northern islands, but 
oven the inhabitants of this country were alarmed at their appearance. 

When the splendid Aurora Borealis of 171^ first made Hs appear- 
ance, it was viewed with the gi^t^st coimternation by the vulgar; 
and considered by them as mmrkihg tbe introdnction of a foreign race 
of princes into this country.*" Since that time, these fheteoris’ have 
been so common that they have not excited any interest, 

and are novlr viewed with the greatest indiffereube bv uH fSl^es of 
society.. • . yV .'i 

Many conjectures have been made, jbLt vartoas: periods, respeetli^: 
the cause of this phenometion ; bur since the ideii)My of ; 


* George Uie First came to the throne of Great BTitain on the let' of August. 
1714 . 
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With the electric fluid has been ascertained, philosophers have been 
naturally led to seek for the explication of aerial meteors in the piitw 
ciples of electricity; and theic is now little doubt but most of them, 
and especially Aurora Borealis, are electrical phenomena. Besides 
the more obvious and known appearances which constitute a rt^sem- 
hlance between this meteor and the electric matter hy which lijii^htning 
IS produced^ itiias been observed, that tlie Aurora Borealis produces 
a very sensible fluctuation in the magnetic nee<lle ; and that when it 
has extended lower than usual into the atmosphere, the flashes have 
been attended with various sounds of rumbling and hissing, especially 
in Russia and the other northern parts of Europe. 

Mr. Canton, soon afler he had obtained electricity from the clouds, 
ofFeied a coiijectnfe that the Aurora is occasioned by the flush- 
ing of electric lire from positive towards negative clouds at a great 
distance, through the upper part of the atmosphere, where the 
resistance is least; and this appears chiefly in the northern re- 
gions, as the alteration in the heat of the air in tliose parts is the 
greatest. 

Signior Bcccaria supposes that there is a constant and regular cir- 
culation of the electric fluid from north to south ; and he thinks, that 
the Aurora Borealis may be this electric matter, peifonnitig its 
circulation iii such a state of the atmosphere as rendiT.s it viMblc. — 
Vr. Franklin thinks, that the electric tire discharged into the polar 
regions, from many miles of vapour laiscd from the ocean between 
the tropics, accounts for the Aurora Borealis; ami that this pheno- 
menon appears first, where it is fiist put in motion, namely, in the 
nortlierii regions, and the appearance proceeds southwaid, though the 
fire really moves in the opposite direction. Several other eminent 
philosophers have advanced conjectures respecting the cause of 
this phenomenon, but our limits will not permit us to insert 
them.* , 

There is another luminous appearance occasi ><ia]ly seen in the hea- 
vens after suu-sel, and before hiin-rise, which somewhat resembles the 
milky way, but of a fainter light This phenomenon is called the 
zodiacal light, because it is only to be seen in the zodiac. Its figure 
resembles an inverted cone or pyramid, with its base toward the sun, 
and Its axis lying along the zodiac, somewhat inclined to the hoiizon. 
It was first discovered by Cassini, in the year 1603; but there is 
some reason tothink it had been observed before that period. I1ie length 
of this phenomenon, taken from the sun upwards to its vertex, varies 
from 46 degrees to 100, and even 120 degrees. The season most 
favourable for observing H, is the be^nning of March after sun-set* 
But ita ai^pect is very different in different years. One of the most 
briUiottt appearances of it was observed at Paris on the 16th of 
February, 1760. 


I 

* Seamen who have oftjen visited the north seas conshler the appearance of 
Aiiroia Borealis as indicative of a gab of wind* 

IJ2 
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OF RAINBOWS, PARHELIA, &C. 

Various opinions have been advanced respecting the cause of the 
zodiacal light, as well as the Aurora Borealis ; hut the greater niim- 
her of philosophers agree in ascribing both phenomena to the same 
cause, namely, the electric fluid. 

But the celebrated M. de Mairan, who has wriliten a treatise ex- 
pressly on the Aurora Borealis, supposes that the zodiacar light 
causes the Aurora Borealis; and that this light is, nothihg more 
than the sun's atmosphere, which is thrown off by means of the rota- 
tion of that luminary on his axis to such a distarice, as to strike on the 
upper part of the earth’s atmosphere, and produce the tuminoiis ap- 
pearance which we call the zodiacal light. And as this is chiefly 
collected towards the polar regions, by means of the diurnal revo],M- 
tion of the earth, it will produce the Aurora Borealis. 


OF RAINBOWS, PARHELIA,* &c. 


— - Refrac^ftd from yon eastern cloud, 
Bestriding earth, the grand etherial bow ; 
Shoots up immense; and every hue unfolds, 

In fair proportions running from tiie red, 

To w here the violet fades into the sky. 

Here, awful Newton, the dissolving clouds 
Form, fronting on the sun thy showery prism ; 
And to the sage-instructed eye unfold 
The various twine of light, by thee disclosed 
From the wdiite mingling maze. 


TirOMBON. 


Besides the Aurora Borealis, there are several other beautiful phe- 
nomena occasionally seen in the heavens. Among these may be 
ranked the Rainbow ; which is, unquestionably, the most beautiful 
meteor with which we are acquainted. 

It is never seen but in rainy weather, and in that p<nnt of the hea- 
vens which is opposite to tho sun, being occasioned by the refraction 
and reflection of his rays falling on the drops of rain as t&ey descend 
to the earth. There' are frequently two bows to be i^eeo at the same 
time — an interior and an exterior one. llie interior is Ae brightest, 
being formed by the rays of the sun falling oni the iip|»er'^rfs of the 
drops of rain; fora ray of light entering the upper part of 
of rain, will, by refraction, be thrown upon the inimr pani of the 
spherical surface of that drop, whence it will be reflect^ to, lower 
part of the drop, where, undergoing a Second reffa^on, it yrill 1^ 
bent toward tbe eye of the spectator. Hence;^l& rays foil 
upon the interior bow come to the eye after ftno 
reflection: and the ecdours of this bow frcm ftie red; ’ 

orange, yellow, preen, bke, indlgd,aod vi^et. ' Ijie .exforior ^ is 


* Althmigh we baiw giren a f Hort actetiat jo^repfeseofatioo of dieKaiubovr > 
in the supplementary part of <Jb» work; we l^ro,Aoen»6d it necesfoiy to give a 
stiUmore popular scodont of it here* v ^ ' V V ‘ ^ * ^ 
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formed by the. mys of the sun fallieg on the lower parts of the drops 
> of rain ; rays also underg;o two refractions ; one when they eiitt r 
the drops, and' another when Uiey emerf^e from them to proceed O- 
the eye : but they suffer Iwo^ or more, rejections in the interior sur- 
face of the drops ; hence, the colours of these rays are not so strong 
and wdU defined as those in the interior bow, and appear in an^inverted 
order; Fijr, from the under part they are red, orange, yellow, green, 
blue, iudign, and violei^, 

*inie rays which fall on the drops that produce the interior bow pro- 
ceed to the eye uf the spectator in a direction, that makes an angle of 
about 42 degrees with the direction in which they entered the drops , 
and those that form the exterior bow at an angle of about 54 de- 
grees.* 

This may be proved by a simple experiment, as follows : let a glass 
globe, filled with water, be suspended in the sun-shine, and let a per* 
son turn his back to the sun, and view the globe at such a distance 
that the part of it which is farthest from the sun may appear of afulHed 
colour; then will the rays which come from the globe to the eye 
make an angle of 42 degrees with the sun’s direct rays ; and, if the eye 
remain in the same position, while another person gradually lowers the 
globe, the orange, yellow, and other colours, will appear m siiccesi>ion 
as in the interior rainbow. Again : if the glass globe be elevated^ 
till the nide nearest th(^ sun appear red, the rays which come from the 
globe to the eye will make an angle of about 50 degrees; and if the 
globe be.again gradually raised as before, the rays will successively 
change from red to otango, yellow, Arc. as in the exterior bow. 

All rainbows are arcs of equal circles, and, consequently, are all 
equally large, though we do nut always see an equal quantity of them: 
for the eye of the spectator is the vertex of a cone, and its circula** 
base is the rainbow, of which one half is the greatest portion tliat cut* 
be seen at once. 

Although lunar rainbows have been observed, yet they occur but 
very seldom. A, very brilliant and lemarkable one was seen in the 
year 1710, at Glopwell Hall, in Derbyshire, about eight o^clock in the 
evening. The moon had passed the full about twenty-four hours, and 
the eveoii^ had been rainy ; but the clouds were dispersed, and Urn 
moon then shone verv clear. 

This iris hmurUhAa all the colour^ of the solar iris exceedingly beauti* 
fill anddistinct,but faint in comparison with those that are seen when th'>: 
sun is shining very bright; as must^ necessarily have been the case, 
\boA from the different, beams by which Jt nras occasioned, and the 
. . dii^Mpmtion of the medium. What inbat surprised the observer was, 
^\tl^; ^geo^s of the arc, which ^a^.^t much Ie.ss tlian that pro- 

: ^ Several complete and conoet#!^ faidbows have i^metimes 


♦ The angle Wbidi the emerging my mali^a with (ha incident rhy |ji the Interim 
how is 43- 3* for the red, and ,40-* 17' ibr vine vtolet^ and for the 'SM^ior bow, 
these anglei are 57' and 54® 7'.— Therefore, the space bttWMnihe hows ia 
about 9 defeat broad. ^ 
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been observed in mountainous countriies. This extraordinary pheno- 
menon, first seen by Don UHoa and his companions in the wild 
heaths of Pambamarca, which he describes as foHows . — ** At the 
side opposite to that where the sun rose on the mountain, at the dis- 
tance of about sixty yards from the spot where we were standing, the 
image of each of us was represented as if in a mirror ; three concen- 
tric rainbows, the last or more exterior colour of one of them touched 
the first or interior colours of the following one, being centred on the 
head. On the outside of theses at an inconsiderable distance from 
them, was seen a fourth arc, purely white. They were all perpendi- 
cular to the horizon ; and as any one of us moved from one side to the 
other, he was accompanied by tbe phenomenon, which preserved the 
same order and disposition. But what seemed most remarkable wan, 
that, although six or seven persons were standing close together, each 
of us saw the phenomenon as it regarded himself, but did not per- 
ceive it in the others.” 

A similar phenomenon is described by Mr. [lagarth, F.ll.S. as 
having been seen by him on the evening of the 13th of February, 
1730, when ascending a mountain at llhealt, in Denbighshire. 

Another singular phenomenon is sometimes to be seen in the hea- 
vens, which very much resembles tbe sun ; and, on tliat account, it 
has received the name of Parhelion, or mock sun. An extraordinary 
appearance of this kind was seen near Marienberg, in Prussia, on the 
5th of February, 1674. it was of the same apparent size with the 
sun, ^hicli was several degrees above the horizon at the time, and 
shone with great lustre. The mock sun appeared under the real one, 
and seemed to increase in lustre as the true sun descended to the ho- 
rizon, insomuch, that the reddish colour it first exhibited completely 
vanished ; and it put on the genuine solar light, in proportion as the 
disc of the real sun approached it. At last the real sun im merged 
into the counterfeit sun, and remained alone. This phenomenon was 
considered the more extraordinary, an it appeared perpendicularly 
under the sun, instead of being to the right or left of it, as parhelia 
usually are, and of a colour so different from that which mock suns 
usually exhibit* 

One or tw o appearances of the same kind have been seen in £ng<« 
land since that time. On the 28tb of August, 1698, about eight 
o’clock in. tbe morning, there was seen at Sudbury, m SulETolk, the 
appearance of three suns at the same time, all extremely brilliant. 
Beneath a dark watery doud, in the eM, 4be true wgm thhiie. wHh 
such splendour that the spectators coidd ni^look at it; e^bh 

side were the rffiections. Tlie circles '^ere not colodirm the 
rainbow, but white.^' At the same time, the few of a hdf mooRwas 
visible toward the south, at a considembie: diistaace rile ollmr 
phenomena, but apparendy double the size of IttliTmoonrand of a 
red colour like that of the rainbow. These faded away 

gradually, but continued visible for more 

suns, an arc of a rainbow, and a halo, in the, ^ 

county of Butland, on the 22d of 
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morning. The parhelia or mock sRns were bright and distinct.* 
They were of ^ reddish colour towalrds the sun, but pale or wliitish 
toward the opposite sides, which was also the case witli the halo. 
Still higher in the heavens was an Arc of a rainbow, of a curiously 
inverted form, situated about half way between the halo and the 
zenith. This arc was as distinct in its colours as the common rain- 
bow, and of the same breadth. 

The red colour was on tiie convex, and the blue on the concave of 
the arc, which seemed to be about 90 degrees in length ; its centre 
being very near the zenith. On the top of tlie halo was a kind of 
inverted bright arc, of considerable extent. This phcneincnon was 
seen on the following day, and again on the :20th of the same month. 

Several other phenomena are sometimes to be seen in the heavens, 
but these are too ephemeral to merit any notice hero. 


OF THE ATMOSPHERE, AiVl) ASTRONOMICAL 
REFRACTION. 

The earth is surrounded by a thin fluid mass of matter, called the 
Air or Atmosphere, which revolves with it in its diurnal motion, and 
goes round the sun with it every year. This fluid is both ponderous 
and elastic. Its weight is known from the Torricilian experiment, or 
that of the barometer ; and its elasticity is proved by simply inverting 
a vessel full of air in water. 

The atmosphere of the earth’s surlace being pressed by the weight of 
allaboVe it, is there pressed the closest together; and therefore the at- 
mosplicre is deiisist of all at the earth’s surface ; and its density necessa- 
rily diminishes the higher up. For each stratum of air is compressed only 
by the weight of those above it; the upper strata are therefore less 
coraprcs.sed, and consequently less dense, those below them. 

The pressure or weight ^of the atmosp|iiere has been repeatedly de- 
termined, by various experimenU, to Im about fourteen pounds on 
every square inch of the earth’s surface. Hence, the toti^l pressure 
on the whole surface of the earth is 10,380,000,0(10 hundreds of mil- 
lions of pounds avoirdupois. 

From a number of expisrimfeiits made on the density of the atmos- 
phere, at various altitucfes, by means of the barometer, it has been 
ascertained, that if heights^ from .the earth’s surlace, be taken in : 
adthmetjcal progression, the ftfimiiy of the corresponding strata of 
air ^crease in geometrical pre^easiim Thus the density of . the 
athn^phere is r^uced one^kalf for every ^ miles of perpend^tdar 
asce, ni^> At seven mites in height, the corresponding density is Oiity* 
onefibuRh; at 10^ mjlns, one^^ighth; at 14 miles, one-sixteeiiitii: ^ 

^ 

*. ^ aa eitensiTe lufniomia vh>g; is soiBetimes seen to 

the sun ahd i» «appoM h)r he. occasioned by the light oiT these horlif^s 

thrgugli ihterVehmg i^ads. Tkii appearance is must frenueut shhut the 
niooh.’ -. 0 . '■ ‘ -v ^ 
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and so on. Since the density of the air decreases at this rapid rate, 
it is evident that at a very moderate distance from the surface of the 
earth, its density would be so much diminished, as to render it inca- 
pable of snstainbg animal life. From observation and experiment, it 
IS pretty well known that 45 or 50 miles is the utmost beJjg^tat which 
ihe density is capable of refracting a ray of light; and,, therefore, this 
may be considered the altitude corresponding to the leAst'seasito de- 
gree of density ; for, according to the law of its decrease, just stated, 
the density at this altitude is above 10,000 times less dian at the 
earth’s sunace. 

One of the most extralordinary and useful properties of the atmos- 
phere, is its reflective power, which causes the heavens to appear 
luminous when the sun shines; for were it not for this power, the 
whole of the heavens, and every thing on the earth, would appear 
black, or completely dark, except what the sun’s rays directly im- 
pinged upon. The stars would be visible by day as well as by night; 
and we could see nothing except what was fully exposed to the sun. 
There could be no twilight, and, consequently, the blackest darkness 
would immediately succeed the brightest sun-shine when the sun sets; 
and the transition would be equally sudden frem the blackest dark- 
ness to the brightest sun-shine when tlie snn rose. But by means of 
the atmosphere we enjoy the sun’s light, reflected from the aerial par- 
ticles for some time before he rises, and also for some time after he 
sets. For when the earth, by its revolution on its axis, has turned 
any particular place away from the sun, the atmosphere above that 
place will continue to be illuminated for some time. However, as the 
sun gets farther below the horizon, the less will the atmosphere be 
illuminated; and when he has got eighteen degrees under the horizon, 
cease to be illuminated, and then all that part of the heavens which is 
over the place will become dark : for the place will then be turned 
too far from the sun, and his rays will strike too high on the atmos- 
phere to be refracted or bent downwards at that place. In conse- 
quence of tlie refractive power of the atmosphere* tiU the heavenly 
bodies appear higher than they really are ; for, oh account of the va- 
riation in the density of the air, a ray of light in passing through it will 
be refracted at every instant, and consequently the padi xd* the rty 
will be a curve. And as an object is always seen in tWdifeerioii in 
which the rays of light proceeding from it enter ^ eye, it i|jpidtet 
every celestial body will appear more elevated above < the ^ 

than it actually. is, by a quantity equal to a tay 

of light sofers in passing from it through tl^ lbe^eye> 

of the observer. ’'‘v .v* 

When the object is in the zenith, the tefiractioh^s 
but it increases as the altitude of the object 
file horizon, and then the refraction is greate^;' for which 

proceed from the object^, in tbfit situation, enter the atmosphere inore 
obliquely than in any other, and conSequeiitly ,are more tuimed out of 
their course. This will be evident from an inspeotionW tl)^ following 
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Where B () D represente the surface of the earth, O the pla«!e of 
an observer, anil FOH the 

liitbt protfee4ing from a body. Z, in the semth, is not '* 

it friMU a body at A, it will enter the eye at 0, *PP®" 

iu^die Hction O a; rf the body be in the horizon, as at b. the rays 
proMiiis from: it will enter the eye at O, and appear to come in the 

**"I^s^*w»««*i«Wvth« horiEontal refraction aroourits ^ 
Btautfse, mi, gesteraByr to about 88 ;min^ which w oq^l to U e 

SSr rf themm « 

aim or moon will appear above the horiaon, boA at risiOR and «ett^,(. 
KghlS^Hy ffiw. TWs ie the re^n that the full 
^SStim^een wen above the honwa before the sun 
remarkable instance of this kind was 

of July, l1«0, when the moonai^tod vmiWy Oplip^, Wb^ the 

ann wai tUi^lictly to be seen the horizon*;' > 4 ' ’ 

ATVomTSs of the year the sun ^pears ten toiimtos s^er 
aboreihehorii^ in the moniing, nnd continues nn long^ir ^hove 
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it in the evening;, thati tie would do Rrere there Ro refradtton; and at a 
mean rate, about seven minutes on any ^y of the year. The refraction 
varies, however, very much with the state.of the aiinosphere. Tn 
cold dry weather the air is more dense than in warm weather *, cottse- 
c]uefi|^ly tlie refraction is greater in cold weather than in warm ; and 
for tne same reason, it is greater in cold countries than in hot ones. 

A remarkable instance of this is mentioned by Dr. Smith in his 
Optics, where he states, that some Uollanders who wintered in Nova 
Zeiribla, in the year 1506, were surprised to find that; nfter three 
months’ constant darkness, the sun began to appear seventeen dAys 
sooner than the time by computation deduced from the latitude, which 
was 76 degrees. Now this phenumeuon can onl^ be accounted for 
by the extraordinary refraction of the sun’s rays in passing through 
the cold dense air in that climate. 

At the same altitudes, the sun, moon, and stars, all undergo the 
same refraction ; for at equal altitudes, the rays which proceed from 
any of these bodies suffer the same inclination. 

The horizontal refraction being the gteatest, causes the sun and 
moon, at rising and setting, to appear of ati oval form ; for the lower 
edge of each being seen through denser atmosphere than the upper 
edge, is more refracted; consequently, the perpendicular diameter 
must appear shortened, while the horizontal diameter (which is not 
afi'ected by refraction) remains tlic same, and in this way the oval ap- 
pearance is produced. For the same reason, two fixed stars that aie 
neater the horizon, and right above each other, appear nearer than 
when they are high above the horizon ; and if they are both in the 
horizon, but at some distance from each other, then they will appear 
at a less distance than they really are ; for tlie refraction makes each 
of tliem higher, and consequently mast bring them into parts of their 
respective vertical circles which are nearer to each other, because all 
vertical circles converge and meet in the zenith. Hence, in all astro- 
nomical calculations allowance must be made fot refraetbn, before 
the true altitude of any celestial body can be obtained. Tables, con- 
taining this allowance for all altitudes, is to.be foUAd in every work 
on practical astronomy. 

The atmosphere not only occasions celestial bodies to appekr^higher 
than they really are, by bending the rays of light as tb^ 
it, but it also affects terrestrial bodies In the same way*, tlie ouafi- 
tity of this refraction is, however, found to vary consider^lysVrim .t^ 
diil'erent states of the atmosphere, and is tlierefore 701 ^- uecertaoi. 
But at a mean rate it may be taken at 
distance euressed in degrees in a 

Professor PlayiTfiir, it is abont for 

the earth's curvature, .an»werii^ ’W- we^,4is^<i«;^h)»nji^ 
server and the objeet^* ■ 7; ’"‘f 

— ; 

* For example, snppose^the distance h^een a peifi^ mfd 4nk ceiisuicuous 
object to be & Knj^ish lujies, and he wishes by 

refraction. The correcdom for the earth^h this dis^oe.la m feet, 

one-seveuth part of which hi 6 feet 4^ iiaohesi vmkb It raised by refriicij^. 
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Many ciifious and even wliicnsical eflfects of terrestrial refraction 
are mentioned by various authors ; but; as our business is chiefly with 
astronomical refraction^ we shall only mention a few of these ef- 
fects, which iiave be.eti lately noticed by some of the most intelligent 
philosophers of the present day. 

UNUSUAL REFRACTION OF THE ATMOSPHERE. 

Although the phenomena of unusual refract im have been often ob- 
servetl by atrohoiners aud uavigators, yet they do not scoiii to have 
attracted particular notice till the year 17U7. iThe unusual elevation 
of coasts, mountains, and ships, have been long known under the 
name of looming ; and the same phenomena, when accompanied with 
inverted images, have been distinguished in France by Uie name of 
mirage, 

Mr. Uuddart seems to have been the first person who described 
an inverted image beneath the real objects; he accounts for this, aud 
other phenomeua of elevation, by supposing that, in consequence of 
the evaporation of the water, the refractive power of the air is not 
greatest at the surface of the sea, but at some distance above it, in- 
creasing gradually from the surface of the sea to a line, which he calls 
the line of maximum densitgt and thence diminishing gradually (ill it 
becomes insenstble. 

He then shows, that, in passing through such a medium, the m/s 
of light would move in curve lines convex upwards, when they passed 
above the line of maximum density, and convex downwards when 
they passed below that line. 

Hence, two pencils from the object will arrive al the eye, which 
will produce an inverted image of the oldect. 

In the year I79R, the Rev. Dr. viiice, of Cambridge, made a 
series of interesting observations at Ramsgate, on the unusual refraC'« 
tion of the atmosphere. He made his qbservations with a terrestrial 
tiJescope, magnifying between thirty andio^ty times, when the height 
of the eye was about twenty-five feet above the surface of the sea. 
Sometimes the height of the eye Was eighty fec;t; but Ibis produced 
no variation in the phedlimena. ^ . 

On the 1st of August, between four and eight o'clock, m. he 
saw the topmast of a ship as at Af 
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above the horizon xy of the sea : at the same time, he also discovered 
ill the field of view ^teo complete images, B, C, of Ihe ship in the air, 
vertical to the ship itself, B being inverted^ and G having their 
hulls joined. As the ship receded from the shore, less and less of 
its mast became visible; attd as it detcendedf the images B and 
C ascended i but as tlie ship did not recede belovr the horizon, Dr. 
Vince did not observe at what lime, and in what older, the images 
vanished. ' 

He then directed his telescope to another ship A, ^ 



whose hull was just in the horizon x y, and he observed a complete 
inverted image B, the mainmast of which jnst touched that of the 
ship itself, in this case there was no second image as before. Mobile 
the ship A moved along, B followed its motion, without any change 
of appearance. 

Dr. Vince observed a number of other ships, which produced va- 
riously formed images ; but our limits wilt not permit i|s to give a 
particular description of them, nor of similar appearone^ which have 
been observed on various occasions at kmd»*^ ' ’ ' , 

We shall, however, notice a few of the experiments made by Dr. 
'Wollaston, to illustrate bis tbeory^f the canae oftmusnal refraction. 

According to this ingenious philosbpher, He varying dxniifypi the 
atmosphere is the principal ' cause of the singular tippearances which 
we have just mentioned ; and from a number of interestiag. experi- 
ments, he found, that the results were per^ctly eonfomialda to this 
hypothesis. ^ . 

He took a square phial, and poured a small quatt^ ^ xfinp 

into it, and above this an equ^I quautij^-^f 

incorporated with the syrup, between put^' 
syrup. The word writt^ on V and;; held behind the. 

bottle, appeared erect trough the pure syrup; but;l||h«n seen through 
the visible medium of tho syrup and it,ap(ma^^ witli 

an erect image above. V \ 


* Tbit 8u1]tject has jbsen fidihr treaM hyC m.lhe Phiiit^pliical 

Transaction^ for 1810 . " * • i ’.V." 
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Dr, Wollaston tlien put nearly the same quantity of rectified spint 
of wiae above the water* and he observed a similar appearance ; only 
lu this case, the true place of the object was seen uppermost, and the 
inverted and erect images below. 

When the variations of density are great, object may bo held 
close to the phial; but when they become more gradual, the olject 
is only elongated, and in order to be seen inverted, must be held ono 
or two iqcbes behind the phial. 

By examining an oblique line seen in this way, he found, that the 
appearances continue many hours even with epirit of wine; with eprup, 
two or three days ; with suipAuric nctc/, four or five ; and still longer 
with a solution of gum-arabicn 

Dr* Wollaston next heated a poker red hot, and looked along the 
sid(* of it at a paper ten or twelve feet distant. A perceptible refrac- 
tion took place at the distance of threo-pighths of an inch from it. A 
letter, more than three-eighths of an inch distant, appeared erect as 
usual ; at a less distance there was a faint reversed image of it ; and 
still nearer the poker was a second image erect. 

Although the experimental method of illustrating the phenomena of 
unusual refraction, as given by Dr. Wollaston, is in every respect an 
excellent one, yet the employment of different fiuids does not repre- 
sent the case which actually exists In nature. 

The method employed by Dr. Brewster seems more agreeable to 
nature. 

Ills mcihod consists in holding aheated iron above a mass of water, 
bounded by parallel plates of glass. 

As the heat descends through the fiuid, a regular variation of den- 
sity is produced, which gradually increases from the surface to the 
bottom. 

If the heated iron be withdrawn, and a cold body substituted in 
its place, or even the air allowed to act alone, the superficial strata 
of water will give out tbeif heat so as to have an increase of density 
fiom the surface to a certain depth below it* Through the medium 
thus constituted, all tike phenomena of tmneml refraction may be seen 
in the most beautiful manuer; the variation of density being produced 
by heat alone. 


OF THE CLODD8. 

Ys mists and eshalatioitB that now rise 
hill or ettvafiof; lake, dvsky or gray, 

TUi the sun paimi your Oeecy skirts with gold. 

In bottour to the worlifs 0raat Author nim, 

Whether to deck with ^oads th' uacoloured sky, 

Or wash the thirsty earth with islUng sliowers. 

Rising or fidliog, stSU advance his pralsot Marov^ 

Clouds are eenerally supposed to consist of vapour which fia4 been 
laised f^om the soa and land by means of heat These vapilurs 
ascend till they reach air of the same specific gravity withi{kem<%eives. 
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Ti^hen they combine with each other, become tnore dense and opaque, 
and then become visible. 

The thinner or rarer the clouds are, the higher do they ascend in 
the air; however, it seldom happens that their height exceeds two 
miles. The greater iiuipbcr of clouds are suspended at the height of 
one mile ; and W'hen tlTey are highly electrified, their height is not 
above eight or nine Imndred yards. 

While Don Ulloa was in South America, measuring a degree of 
the meridian, he was for some time stationed on the summit of Cota- 
. paxi, a mountain about three miles above the level of the sea, where 
he says — the clouds could be seen at a great distance below, and that 
he could hear the horrid noise of the thunder and tempests, and even 
see the lightnings issue from the clouds far below him. 

The wondertul variety observable in the colours of clouds is owing 
fO their particular position with respect to the sun, and the difierorit 
reflections of bis light. The various figures which they so readily 
asssurrie, is supposed to proceed from their loose and voluble texture, 
revolving in any form, according to the direction and force of the 
wind, or to the quantity of electric matter which they contain. ^ 

Sometime we see a cloud that's dragoaish ; 

A vapour, sonietime, like a bear or lion, 

A towered citadel, a peiulent rock, 

A forked mountain, a blue promontory, 

With trees upon't mat nod unto the world, 

And moi^ our eyes with air, — 

That which is now a horse, even with a thought, 

The rock dislimns, and makes it indistinct 

As water is in water. Shaksfeaxe. 

About the tropics the clouds roll themselves into enormous masses, 
as white as snow, turning their borders into the foims of bills, piling 
themselves upon each other, and exhibiting the shapes of mountains, 
caverns, and rocks. ‘^There,*^ says St. Pierre, *^may be perceived 
amid endless ridges, a multitude of valleys, whose openings are dis- 
tinguished by purple and verroillion.” These celestial valleys exhibit, 
in their various colours, matchless tints of white, melting into shades 
of difl'erent colours. Here and there may be observed torrents of 
light issuing from the dark sides of the mountains, and pouring their 
streams, like ingots of gold and silver, over rocks of cbn&l. lliese 
appearances are not more to be admired for their beauty than for their 
endless combinations, for they vary every instant. What, a moment 
before, was luminous, becomes coloured^ what was colour^, min- 
gles into shade ; forming singular and most beantifid r^esentations 
of islands and hamlets, arched bridges staretch|^ om wide rivers, 
immense ruins, huge rocks, and gigantic fttountaili^ 

Among the Highlands of Seotlimdthe clouds also display the finest 
outlines, and assume the most iigares ; more especially when 

viewed from their rugged and lofty summits* These bold and 
nificent scenes are ^ely described by Dr* Beattie in the following 
lines : — 
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Oft when ihe etorm Had nemd taraTe, 

He ivamed the snowy w^te nt even, to view 
The clouds stupendous, front the Atlantir. wave 
Hiffh lowering;, fiiil along the Horixon blue ; 

Where, 'midst i^jchangeful scenery, ever new, 

Fancy a thousand wondrcms forms descries, 

More wildly great, than, fi^er pencil drew ; 

Rocks, torrents, gulfs, and sha^s of giaut ske. 

And glitt’ring cliffs on cUffs nnd^dery ramparts rise. 

JIftiMtret 

“ Clouds,^ says Dr. Thompson, are not formed in all parts of ihe 
horizon at once ; the formation begins in one particular spot, while the 
rest of the air remains clear as before ; and though the greatest quan- 
tity of vapour exists in the lower strata of the atmosphere, elomls 
never begin to form there, but always at some considerable height.” 
It is remarkable, says the same author, that the part of the atrnos- 
))here at which they form has not arrived at the point of extreme 
moisture, nor near that point, even a moment before tlieir formation. 

Tiiey are not formed, then, because a greater qimiitily of vapour 
has got into the air timn could reutaiu there without passing its maxt- 
nr.itii. It is still more remarkable, that when clouds are formed, the 
Icinperature of the spot does not always suffer a diminution, although 
this may 8ometimo.<i 1>e the case. On the contrary, the heat of the 
rhuuls themselves is sometimes greater than that of tlie surrounding 
air. Neither, then, is the formation of the clouds owing to the capa- 
city of air for coiubining with moisture being lessened by cold. So 
far from this being the case, we often see clouds, which had remained 
in the utiiiosphere during the heat of the day, disappear in the night, 
afk'r the heat of the air was diminished. 

Tlie formation of clouds and rain, then, cannot bo accounted for by 
the prtiiciploH with which we are acquainted. It is neither to the 
saturation of the atmosphere, nor the diminution of he^at, nor the mix- 
ture of airs of different temperatures, as Dr. Ifiitton supposed; for 
clouds are often formed without any wind at all eithei^ahove or below 
them : and even if this mixture constanily took place, the precipitation, 
instead of accounting for rain, would he almost impen^eptible. 

It is a well-known fact, that eraporation goes on for a month or 
tw*; together in hot weather without any rain. This sometimes hap|>eiis 
in the temperate zOo^e; and every year in the torrid zone. At Cal- 
critta, during tlie motiUi of January, tn the year 1785, it never rained 
at all : the mean of the thermometer for die whole month was Ofi^ de- 
grees: there were no high winds, and, during the greater part of the 
montli, scarcely any Wind at all. 

As the moisture wbtoh is Uimt rai^ hy evaporation is not accii- 
rmil^tcd in the atmosphere, above tho pUce from which it was evapo- 
rated, it must be disposed of Other way; but the manner m 

which this is aecomplished is in<^ Weil If it be carne^n 

daily through the different strAfit .pf; the atmosphere, and Wimd 
to other regimia hy superior currents air, it is impossible to aocooiit 
for the di^lieiii electrical states of die clouds, aitogted ^between dif- 
ferent strata, which often produce the most rioleni thimder storms. 
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For vapours are conductors of the electric 6uid. and, of course^ 
would daily restore the equilibrium of tlie whole atmosphere throup;h 
which tbev passed. There would, therefore, be no positive and neg;a- 
tive clouds, and consequently no thunder storms. Clouds could not 
have remained, in the lower strata of the atmosphere and been daily 
carried off by winds to other countries ; for there are often no winds 
at all, during several days, to perform this office ; nor would the dews 
diminish as they are found to do when the dry weather continues fqr 
a long time. 

It is impossible for us to account for thin remarkable fact upon any 
principle with which we are acquainted. The water can neither 
remain in the atmosphere, nor pass through it in the state of vapour. 
It must, therefore, assume some other form; b\it what that form is, or 
how it assuines it, we do not know. 

In order to render the study of meteorology more systematic, Mr. 
Luke Haward has lately introduced a scientitic noinenclator for dis- 
tinguishing the various forms or modifications of clouds, which pro- 
mises to be of great use in this important, but hitherto neglected, 
branch of phpical science. 

The simple forms, or modifications, are three in number, and 
named. Cirrus, Cumulm, and Stratus, These are defined by Mr. 
Haward as follows: — The Cirrus is composed of parallel, flexuous, 
or diverging fibres, extensible in any or in all directions. 

The Cumulus, convex or conical, heaps, increasing upwards from a 
itorizontal base. 

The Stratus, is a widely extended, continuous, horizontal sheet, 
increasing from below. 

The intermediate modifications are four in number, each of which 
is formed from various combinations of the simple modifications just 
mentioned. They are the Cirro-cumulus, the Cirro-stratus, the Cu- 
mulo-stratus, and the Cumulo^cirro-stratuif or Nimbus ; and are de- 
fined as follows. 

Cirrthcumtdui^ Small well-defined ronudieh masses, in close hori- 
zontal arrangement. 

Cirro-stratus, Horizontal or sUghtly-ioclined masses, bent down- 
ward, or undulated, separate, or in groups consisting of a number of 
small clouds. 

^ {fumubhstrdtus. The cirro-atratns blended with the cumulus, and 
either appearing intermixed with the heaps of the latter, or super- 
adding a wide-spread structure to its base. 

CuMiAheirr<hstratu$, The rain cloud. A cloud, or system of 
clouds, from which rain is foiling.' It i* a horizontal sheet, above 
which the cimts spreadsi wh8e ttie oumidtts , en(^;h ,]^ and 

from beneath. 

. , 09 ;■ 

Clouds in tins modifieation appeat Uy^ have the least density, the 
neatest elevatioilv and the greatest ex and direction. 

They are the euliest appearance w'eather. They are 
tis»i indicated by a few ttireads pencilled, as it were, on the sky. 
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These increase in leogtii, and new ones are in the mean time added 
laterally. Often the first-formid threads serve as stems to sujmort 
numerous branches, which in iJteir tuni give rise to others. Thu 
modification is represented by t)i*h following figure. 



The increase is soiih^times perfectly uideteriiiiuaUs at others it ba* 
a very <leci led dirccti(m. Thus the first IViv threads being onc^? 
formed, tlje remainder shall be propagated oitljcr in one, two, or more 
directions hiterallvi or obliquely upward or downward, the direction 
being ofu.Mi the same in a great number of clouds visible at the same 
tiine« " . * 

Their duration is uncertain. Varying from a few minutes after the 
first appearance to an eittent of many hours. It is long when they 
appear alone and at great heights, and shorter when they are formed 
lower and in the vicinity of other cloods. 

This modification, although in appearance almost motionless, is 
intimately connected with the variable^ motions of the atmosphere. 
Considering that clouds of this kind have long been deemed a ()rog- 
aosttc of wind, it i» extraordinary that the notiire of this connection 
should not have been more stadM,^ anr the knowledge of it might 
have been productive of useful resiiltii. 

In fair weather, widi li^ ^variable breezes, the shy is seldom 
quite clear of small groups of dbfiqne cirrus, which frequently 
come on from the teeward, and the direction of their increase til to 
w'indward. Continued wet weather is atteuded , with horizontal 
sheets of4his,clcijrl, which subside quickly and p^ss to tbecirfot- 
stratus, i 

Sefore sthrms they appear lo^ar and denser, and usually in ilia 
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quart'T opposite to that from which the storm arises. Steady high 
winds arc also preceded and attended by slreaks running quite across 
sky in the direction they blow in. . 

'Hie relations of this modification with the state of the barometer, 
thermometer, hygrometer, and electrometer, have not yet b^ti at- 
tended to. 

OP THE CUMULUS. 

Clouds in this modification ar^ commonly of the mbst dense 
structure : they are formed in the lower atmosphere, and move along 
witli the current which is next the earth. 

A small irregular spot first appears, and is, as it were, the nncleus 
on which they increase. The lower siitf.ice continues irregularly 
plane, while the upper rises into conical or lieinispherical heaps ; 
which may afterwards coiitiiiiie long nearly of the same bulk, or ra- 
pidly rise to mountains, as ri'prcsentei by the following figure. 



In the former case they are usually numerous and near togetlier, 
in the latter few and distant; but whether there are few or many, 
their bases always lie nearly in one horizontal plane, and their in- 
crease upward is somewhat proportionate to the extent of base, and 
nearly alike in many that appear at dtice. 

Thoir appearance, increase, and disappearance, in fair weather, are 
often periodical, and keep pace with the temperature of the day. 
I'hus they wilt begin to form some hours after sun-rise, arrive at 
their maximum in the hottest part of the at^e^oon, fbon go on dimi* 
iiishing, and tc^ally disperse about sun< set . " , ^ 

But in ohangable weather they paitah^f of : the Vicissitude^ of the 
atmosphere; sometimes evaporating almost^' aa sooiji as formed, at 
others suddenly forming and as quiol^TfiaeeTiig to the compound 
modifications. .f 

1'he cumulus pf fair weather has i modof^to elevation and extent 
and a well defined rounded surface., I^revldus to rain it iucreem 
more rapidly, apf^ars lower in the al^qsphere, apd. with Its sttrfadb 
full of loose fleeces or protuberatiuee * V * >* 
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tn<lepen<!eat.1y of the h^^auty and magnificenco it adds to the face of 
jiatuieVtIre euvnulus senr^s to the earth from the direct rays of 

the suii> by its laultiplmd reSe^^S. to diffuse, and. as it were, eco- 
nomise the light, and also to^^o^ey the. product of evaporation to a 
distance from the place of its br^tn. !l%e telations of the cumulus 
with the state of the ba<rom«»ter^&c. hot yet been sufficiently 
attended to. 

The fonnat^ of latgo cumuli to^ lecFard in astrong wind, indicates 
the apprOacA, of a calm with rain. When- they do not disappear or 
subside about sun-set, but continue to rise, thunder is to be expected 
in ^tiiight 


, . OF THE STRATUS 

This modification has a moan degree of density. 

It is the lowest of clouds, since its inferior surface commonly rests 
on the earth or water, as represented by the following figure. 



Contrary to the last, which mav be consulercd as belonging to tlic 
day, this is properly the cloud of night; the time of its first appear- 
ance being about s‘un-s0t It ^comprehends all those creeping mists 
which in calm evenings ascend in spreading sheels (like an inundation 
of water) from the bottom of valleys and the surface of lakes, 
rivers, <&c. 

Its duration is freoueotly through Uie night 
On the return of the sun the level surface of this cloud begins to 
put on the appearaiioe pf . cumulus, the whold at the same time sepa- 
tnting from the ground: The conj^uity is irirxt destroyed, and the 
cloud ascends and evapotatesi or parses off with the appearance .of 
the nascent cumulus/ yV ^ ' 

This has ^en long mtpf ff^ced as a prognostic of fair w^jiB^er^ 
and indeed there is none more Serene than t^t which is iistiero^ by^ 
ft The relation of the stratus ^ the state of tiie atme^here ^indi- 
cated by barometer, &e. a||j^s notwitbsl&hdBng to have passed 
hitherto w^bdt much attentiigm.; / ^ ' 

' r''t2 ' 
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, OF THE CIRRO-CUMULUS. 

The cirrus haung continued fajr some time increasing or stationary, 
usually, passes either to the cirro-eumulus or the cirro-stratus, at the 
same time descending to a lower station in the atmosphere. 

The cirro-cumulus is formed from a cirrus, or from a number of 
small separate cirri, by the fibres collapsing as it were, and passing 
into small roundish masses, in which the texture of the cirrus Is no 
longer discernible, although they still retain somewhat of the same 
relative arrangement, as exhibited by the following figure. 



This change takes place either throughout the whole mass at Oiice, 
or progressively from oiie extremity to the other. In either case, the 
same elVect is produced on a number or adjacent cirri at the same 
time and in the same order. It appears in some instances to be ac- 
celerated by the approach of other clouds. 

This modification forms a very beautiful sky, sometimes exhibiting 
numerous distinct beds of these small connected clouds, floating at 
different altitudes. ^ 

The cirro-cumulus is frequent in summer, and is attendant on warm 
. and diy weather. It is also occasionally and more sparingly seen in 
the intervals of showers, and in winter., The fgllcming passage, is 
beautifully descriptive of the appearance. ' of. tkas ,m<^Wfead^^ by 
moonlight'; ' ' T - V 

For yet above these wafted plonds seen 

(Id a remoter sky, still mof^ serene) - 
Othere, detached in ranges through the air, ; 

as^anow, and countless as tbey*re jfmr ' 

'fSoatter*d immensely wide from eai^t to west, 

The^lfcuuteouB semblance ofafl^H^k at rest ^ 

, These to the raptur'd .ttiind aloud iJfodiiim ‘ ^ 

Therr mighty shepherd** everlastiag^ n^ine, BLOOMFieiD. 

It may dither evaporate or pasis to tbo cirrus or cirro-stratus; ^ 
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OF the ClRRCjt^TRATUS. 

This clOiid appears to liwiilt fjpoiJ tl}0, suhsidonce of the fibres of 
the cirrus to a horizontal positicmi aithflsEme tiiiiiA 
towards ^ach other laterally. .. Tfe toritrand relative position, >hcn 
seen in the 4i!ttance» frequently giye the idea of sbbale;Of fish* ^ Yilt 
in. tbiSit E^iE other instances, the stTiifithte must be^a^teudeq to lather 
thah the {prm^ which varies much> pesepting ^ :j^er ap- 

pearatice of parallel bars, interwoven strei&s fiheihe gram of pojisbed 
Wood, &c. It is always thickest i*a the middle, or at one. eatipinity, 
and extenuated towards the edge, as represented by the following 
figure* 



The distinct appearance of a cirrus doe » not always precede the 
production oi this and the last modification. 

The cirro-stratus precedes wind and rain, the near or distant a|»pr<>ach 
of which may sometitnes be estimated from its greater or less abun- 
dance and permanence. It is almost always to be seen in the inter- 
vals of storms. Sometimes this and the cirro-cumulue appear together 
in the sky, and even alternate with each other in the same cloud, 
when the different evolutums which ensue are a curious spectacle, 
and a judgment may he formed of the weather likely to ensue by ob*^ 
servmg which modinoation prevaih^ at l|ist. The chro-slratus is the 
liiedIfiratioA which most frequently and completely exhibhs the phe- 
nomena ix die solar and lunar halo, and (ae su(^>sed from a few 
observatioiis) the parhelion and ’pamselene also» Hence the reason 
of the prOgneetic tor foal weaflier, colpmoiily drawn from the appeni-*' ^ 
ance of the halo. 

OF THE CD^IflltO-STRATUS. < 

The different modifications whi^ have been ju4 treated of some- 
times gives place to each other, at other times two or more appear in ' 
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the sumc sky ; but in this case the clouds in the same inudification lie 
mostly in the same plane of elevation, those which are more elevated 
afipeariug tbrotigh the intervals of the lower, or the latter showing 
dark against the %liier ones above tliem. When the cumulus in- 
creases rapidly , a cirro^tratns is frequently seen to form around its 
summit, reposing thereon as on a mountain, while (,be former cloud 
continues discernible in some degree Uirough it. This state conti- 
nues but a short time. The cirro-stratus speedily becomes denser 
,and spreads, wbilethe superior part of the cumulus extendi^ itself and 
passe# litio it, the base cohtinuing as before, and the convex protube- 
rances chsngibg their position tiH they present themselves laiterSlly 
and downward. These are well represented by the following figure. 



More rarely the cumulus perfoirns ilus 
superior part constitutes idle incumbent pirrorstrgtu^u': I ; 'r. 

In either case a large dense cloud 
compared to a mushroom with a ve?)r thiok a 

w^le sky is crowded with this niodificatmn,' the visppeerimoesrai^ 
more indistinct. The cumulus , rises through the intevsticidi,'^ the 
superior clouds, and the whole, seen as ft p^aes offlf ihp disi^ h^ 
risori, presents to the fancy mountains poversd with^|^iDi#i 
with daricer ridges and lakes of waifr^, j^s: and The 

distinct eumulo-stratus is ^med in 
pearance bfthe deecy cumulus aM ^ 

the lower atmosphere is yet too dry ^ . 

thunder storms t toe indistojict amiiMMlfoce longer 

or shorter' intervals .of showers of 

The cumhiorstrdtub chiefly aflebts impi; 
as to pressure and tomperatbre; but«to #^ 
modifications, it affiEfids much room 



OFTHB MiMBtlS, <iR€BMyW>fClRfcf>‘STRAtVS. 

OF THB NIMRVB, ORCVMRI.O^l»»0-rtiUfW«. 

Clouds in an^ one of the preeedlog .ttodifi^nis, ui Ihc same 
.degree of elevation, or in two nr m<ire’<flibefli>'af'dilf<Mnt ulevatioos, 
way increase so as completely to bt^sfeure the sky, and at times put on 
an appearance of density whicli to the 'in^perienced observer inpalc* 
the speedy oom'mencKibent of rain. It Is nevertheless extremely pro- 
bable, as well from attentive 'ob«brva,ti<Ht as ^ a contnderatibii .of 
the several modes of tiieir ptodbbtion, tim olouds, vrhiie . iiiaay 
one of tiMse states, do not at atay Umft lot fall tain. ' . ' ' v 
Before this effeot takes place they have been uniformly found to Un- 
dergo a change, attended with appearances sufficiently remarkable to 
constitute a distinct modification, nbibb is represented by tite Ibilow- 
ing figure, called the N'imbus, or Cumuto-eirro-stratus cloud, ; 



in tins figure a shower is represfuted as. coming (rom behind an 
elevated pmut of land.^' , 

' The aimbw, althopgjh to itmdf ope dC jfoe least teauliful clouds, is 
ym:W and tW^u^Ny'deoonit^ with 1|s attendant the runbow ; 
wihmb can only be a«^ In^petfol^ yrhya Ucked by the wid% ex- 
:.|ib^.«Biform.flo9m.oftfo>^^^ , 

.-1l^‘,|eiyiitiotts.of hdn; showers more cs^aHy, 

t^apetatung^ymm^,. end electricity of the idPioe* 
:^ere,.;mii|;prob8My;flbw 'bt^^ investiipidiea, eitd^sm. a 

pifoei^.td' s!oc^> 
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MOTIONS OP THE EARTH. 

She from the Wt$t her eileet course advances 
With inoffensive pace, that spinning sleeps 
On her soft axle ; while she paces even, 

And bears us soft with the smoiAh sir ^long. 

. MXiTON. 

When we consider the apparent diurnal motion of all the celestial 
bodies, we oannot but recognise the existence of one general cause, 
which produces this appearance. But when we consider that these 
bfidies are not only at different distances from the eartli, but at dif- 
ferent distances from each other, and tliat these distances are not 
always the same, we shall find it difficult to conceive that, it is the 
same cause that produces this appearance on all of tbeiHr ^ ^ 

The difficulty, however, becomes considerably less when it is 
recollected, that a person in motion, loohing at an cAjoct at rest, per- 
ceives- the same change of position in the i^ect as if be were himself 
at rest, and the object in motion in the opposite direcdon. Every one 
who has looked, for the first time, from the window of a carnage 
moving quickly along the road ; or from the deck of a ship sailing 
smootlily along the shore; fancies that evpry thing which the carriage 
or vessel passes is in motion, and diat he is himself at rest. 

An appearance Still more deceiving takes place, ^ when a ' pdrson 
looks out of tlie cabin window of a ship* in a oark night, at a distant 
light apparently in motion. For the change of place in the light may 
ame«either from its being really in motion, or on board of another 
vessel, while the vessel in which the speelntor is |>laced is at anchor ; 
or tlie light may be stationary, and its apparent motion Occasiimed 
the motion of the ship which carries the spwtalor;, or it may .even be 
occasioned by the niotion of the vessel which carries the light b^ 
quicker or slower than the one which caiTies the spectator. The 
dignity in determining to whidh of . these causes the motion of tte 
light is to be attributed, arises from the want of some intervening 
object whose state is knowUr and ,by which the ^apjmreni morion may 
be compared. Now this is precisely the situsiioh ift which stand 
with regard to the heavenly bodies.- ;For the motion of the nai^ on 
Its axis, if it really has such a motion, must be incomparably smoother 
than any vessel or machine made by human art ; and as Am m no 
fixed intermediate olyect between it and Ae l*eavocly"tbodies, no 
direct proof of! motion can. be ohtainc^vV ^ ; 

As far, then, as appei^nces enaMe^tm' ^ the. wUi 

maybe at resi^ and tne' heavens^ 

hours, or Ae hekvebs way be alxedl^ iMid the dii™ rewwe its 

axis, in the same time.;. For the risifeg and 

stars, with all the other celestial phodommsliji: 

same order whether Ae heavens revets e 

round its axis. “ ' ’v>'' ■ > 

However, on comparing. Aese appearab^S wiA others ai|r, 

more witliin our reach, and wiA the ":ejstab1iSitoa laws pf 
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shaH findit is much more probable they are occai|ioned by the revo**; 
lution of the earth on its axia^ ibaa, the revolution of the irhole 
heavens. For as the heavenly bodies present the same appearances, 
to us, whether the hruiament carries them round the earth, or the 
earth itself revolves in a contrary dbection, it seems much more 
natural to admit the latter hypolhefitik than the former, and to regard 
the motion ofthe heavens as only appajjfct; ^ ' 

The semidiameler of the earth is onlyfCboet 4000 miles, and conse- 
quently its eiroiimference is about miles* 

This is^ therefore, the space ev^' |»oint of iu equator must pass 
through, if the earth revolves on. its axis, which is little more than 
1000 miles per hovix, or about miles per minote. This velocity is 
certainly very considerable, beiM nearly equal to that of a /cannon* 
ball when it leaves the mouth of a cannon ; but it becomes totally 
insigniiicant when compared with the niotion of some of the heavenly 
bodies, required on the other supposition. The distance of the sun 
from the earth is about ninety^five millions of miles;* and therefore 
if he revolves round the earth in twenty -lour hours, he mhst pass over 
more than six times this' apace in the same time, and eonseouentlv 
roust move at the rate of about 25,000,000 miles jper hour, wnich is 
more than 20,000 times quickm* than a cannon-ball. The planet 
Uranus is about twenty times farther distant from the earth than<.,the 
sun, and consequently the velocity of its daily motion must be twenty 
times grer^, t But although these velocities ate sufficient to startle 
the imagiiiatioii, they are mlly nothing when Compared to the ra* 
pjjdity ^ith wht^lhe fixed stars must move to accomplish a revolution 
round the earth in twenty dour hours. If the distance ofthe fixed 
stars be assumed at 200,000 times the distance of the sun from the 
earthy t they must move over the space of 1,400,000,000 miles pel 
second, in order to complete a revqlimon round the earth in twenty 
(bur hours f This is a degree of velbc% of : which we can have ua^ 
kind of conception ; and yet, if we consider the votocity which those 
stars must have that are many thousands W times more distant from 
the earth, it must be almost infinitetv greater. ' If we, therefore, take 
into consMeration the number of bodies, that roust move, and the pro- 
digious rapidity of ffieir motions, fo produce the:4ame appearances 
which the reyotatioia of bno hody^ with a comparatively moderate 
velocityi can Wrodnee, we shall scarcely hesitate a mqmeut in con- 
cluding that the motion of this one body is the true cause of these 


appearascet. , , - ' • . 

This cobolusion roust appear atitt obvious when we attroid to 
the comparative |bmUto|^,t^sendffiSiU^ Of the planets wych 

belong loa the se% lyetea^ are known to be much 

medt^lhml ih^ Jupitcsvwipi||vh^rly fifteen 

times; eighty times. But fob euii 

magnifode^ croisiderabl^ more thai^ a mil- 
thsies greater tbhu ^e eattii. Our ignomce of the yeid dls* 
tances q2ed stars prey^ig from asc^rUining corre^y theiir 


rPik€i0, 
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feal magnitud(eii;^b^^ ffitmi Mditfi.’ye knoif of tlkir disttinces, arc 
kittled to conaiklo that ifc^y ar« M least iii rixe to the 
of the platihts. ' JI suqh, Uierqfcim, iHfe tbe foajjifiHhude of these bo<^, 
how incohsiiteotwuW it xfee With ^veiy idea of pt^er and arjMge-t 
iDeot to sujfvpqse, that such ^ mirhEiober of bdd^ d^y 

revolve; round/eudh a little and ooihpaiadWely ipaigiii^cant body ^ 
the earthl What extraorf|||ny power would be.pecessa^ to retain 
theepf^Wibehr orbit8> andqdi^fbaiaiioe the amazing cenbri%^^ 
which they jnust possess 1 The idea^ tob^ of ^ niauy ilaineiise and 
independent /bodies^ so vastly distant from theiOarib^ ^d ^froth each 
otfaer^ performing their rcvolutiohs round this little balli exactly in the 
same number of seconds, is scarcely to be entertained 
moment: all the phenomena, especially When supposed to aiise, from 
tliese revolutions, can be satisfactorily and easily accounted for, by 
supposing the earth to revolve on its. axis. 

If we suppose the planets to be carried' round the eartli, .frbni east 
to west, every twenty-four hours, and also allow them a motion pecu- 
liar to themselves from west to east i(Which ihey„ are observed to 
have), we produce such a Combimdion' of,. opposite motion^ as has 
never yet been observed in any of tiie heavenly bodies, , and which it 
would be impossible to.reconcilo with any of the known principles of 
mech^ics. Bnt the romtion of a body on its a^is, combined with a 

ino'lion in its, curvUineal orbit, is what we are cpiite fam*Har with^nnd 
what is exhibited by a school^boy hy sip^natng his top. 

But one of the spongest proofs of. the. rotation of the earth is its 
figure. /For it J.s now well knowa tliat the earth’ is not ,a perfect . 
sphere its polar, diameter being considerably less than its 
It is also known tbat this is the shajim which a spherical body Would 
in time assume« .if it. wolvod on a ^xed aai|i.; and therefore it is rea- , 
scmable to conclude that the sfdieroii^cal figure of the earth is occa- 
aioi^d by its rotatory motion Thii' cuaclusion is- 8U[^orted ,^tbe. 
ex^o^dinary fa^t, that the difference between the poliu? ami .ehEato- 
riel cmis of tha^arth, as deduced from th^ry aloft v 
efme as from. actual measurement of varioHs arcs.bf meridiaii .elites.. 
TrTbe same coiiclasioR.is;fa:rther supportedby at^do^. . * 

A rotatory motion hni been observed in several of the otbi^vpld- 
nelif iiftd froiD west toeast, the direction in whii^ the eaztikmust retriwe 
ia ojfdcr ,to occasion the apparent :4i?rfta!i tgotibn of tb4beayen<[;^bi^ i 
easttd west*^ .Jupiter^ a muchlargkrboifythaothe^tnTO,^ 
his aAis in tei^s than twelve hours; Npw both fhe eiiir^^ 
are kftowii to .be flattened at the 

lead us to ci^cltide that tl^e omlh hsis of i^tiOn. ^nd 

that ijie dow^ajL nlol2w>»lcf 

this rotation.- .■ ; '\j ' T" ' 

'Fhe diumrf pf Ae . 

. .. . ■ ■ ' *- 


motion wilt isqaTcdy be/i^^ fer 


• Some of thO' oliyf^tieAaWliiolt have 
>^arth will be noticed^n peatiisi^of the Ptolenime f 
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letH^eeii it Vfi^ ^ J^t ^ tp« ; 

' '‘jitii ijtit^ Utife 114^ 

I, ■w''Jii---th»‘&rti:-.^>iSo ■ 

i^'iW'Mi^ii 'l(t|b«;at’'t^l$A4 


i8 .c9»st<}enldy |tr«B„ . ,^., 

- .foim4 'to royi^ 
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itO'tll'O 1*^' % 0^ 

Itttitm^ in or^^jto ; i«iid^' the 
fdii^s comt^teV .Jhii we iii^_ 
ih, k8icerhuin^.l^,. hi 

"'dtiiriisl " iu 

the );up t9 
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cpnne<4hd'«Hith.the'i»tth'’a n^^nat lAO!^) may. ^>e expw^^^ Wtner 
hypothesis- Btd, aUhou^,':4|»w W iheease*, it is 
baWe that fl^bss'apjiieiirattcss are produced by the .anntm ■ 

the earth ipitad the sun, tbM by the motion of the snii: imwid the 
earth. For .by supueming the, earth to move round the sun; we' pot 
only give (^er ann.sunpbci^ jb the, solar systeih, and pro^we the 
analogy, whidi.is 99 cohspicdons among the other .bodies yr^ com- 
. pose that system, bat ,we remove so vetisd which mmaoldably 

attend the opposite, hypothesis.— remnrfced, that 
the ear^ is coiisiderably'etnaUet than laevcmd, of Jhe other planets, 
and that it is i^nt fourteen hundred 'thonsand fimas less than the 
8 un;‘ It is thmfore d«tc, ittconi^steBt with every idea of order 
auU a^J'^ngeineiit to, »iippo$a, iliAt, bodies ot s^livb extraorainsry 
size should revolve round' oBo of comparativdv small magni- 
tude. For, independent of the conmhention . of the , (danetery 
motions which such a sup^ksition would introduce, it would overthrow 
one of ^e best established principles of mMhanics and is quite incon 8 lB^ 
eut with the law which is known' to subsist between the times of the 
revolutions of the planets, |md their distance from tiie sim. f W the 
hiTlher they are worn the aun, their motion W; tiw slower, Their 
periodic* times of rwrcdtifiw, boidg to i em* otl^ .jw tiic, cubes 
§f thmr mean distances jSfOm the SiW. Nbw acCordingto this retoark- 
able lawj the length of a revolution of thdearth roimd the, sun, should 
be exactly a sidereal year. This .,.» tit^edore «n M.dW^We proof 
that ^e earth moves romi 4 .'^e 8 un,..|ike itiW; oAor -plaimto, and is sub- 
ject 'to the sama.laws. Td -this we may addi «at ^ aspe^ of 
iniWse and decrease of the phmrts, the time# of their seeming to 
itiand still, and move iHrect end reti^pradc, answer precisely with thC:, 
nid ti « n <d the eartii i hist cannek -be., .recoiieiled with that of the son, , 
ni'tlhpnt introducing the moft abtinrd-^Jmid mobstroua suppositions,, 
w.ould desftpy all m^m,,;hsi!^(myi and simplicity, m, tne 

' ^?»S’th«%iojit «reqt.|^ ’'c|.<^|tttthS ' atlkal motion 

•' ■ ' ’tiaiid’over '^le • s^idishieter Catw s orbit, wKitdi is , we 

, tii.,move^ W orbit, and |Mn b fi^d by 

,'•/ ohem^iftitid^^i^.act^^ ^ j-'/' . 
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The auniiat as well ns the diunial motron of the earth may there- 
fore be considered as compieiely established. The olycctioiis which 
have been urged aj^ainst these motions, by the supporkrs ot tlic Ptd*' 
leniaic and Tychonic systems of the heuTens, will be noticed when 
treating of these systems. 

To ^ texts of Scripture which ee^m to contradict the motion of 
the earth, the following reply may be made to them aH*~>*-That it is 
plain from many instances, that the Scriptures were never desigtioil 
to instruct men iu philosophy, but in matters of religion, and are not 
always to be taken in the literal sense. For Joh describes the earth 
supported upon/>t7/ars, and in another place as being hung upon 
nothing; and Moses calls the moon a great luminary, although it is 
well known to be an opaque body, which shines only by reflecting 
the light of the sun. 

It is perfectly certain these expressions were not meant to convey 
any astronomical opinion; but employed because they would bo 
easily understood by those to whom they were immediately addressed. 
In familiar discourse, astronomers themselves speak of the stars 
place in the ecliptic, of his rising and setting, &c.; for if they did 
not, they would be under the necessity of explaining their meaning 
every time they had occasion to mention those appearances to those 
who knew nothing of astronomy. . > 

The poet Thomson, though perfectly well convinced of the annual 
motion of the earth, says — 

At last from Aries rolls the bounteous sun, 

And the bright Bull recetres him. 

And Baker, in his elegant and truly philosophical poem, entith^ii the 
** Universe,** says — 

Along the skies the suu obliguely' rolls, 

Forsakes, by turns, and visits both thb.pbles. ' 

Different his tract, but constant his career, 

Divides the times, and measures out the year. 

To climes returns where freezing winter reigns, 

• Unbinds the glebe, and fructifies the plains ; . , 

'the crackling ice dissolves; the rivers flow ; ' , 

Vines crown the moanUin-tops, and com the vales below. 

Bakio. 
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At one. vide view G6d’e eye son^, 

works in every difmlf.cila^$ ' . . . 

Keshifibi the sese^ey iiioiithsvstid4ii^ 

The short-lived oOhprhic oCrmlWi^.tim ; 

By turns they dhiyl^r' tiiinift eve bm 
Novchwrfal Sprlnittbeclrcloleidiy ^ 

And stiews with Sowers the smOhig shAM 

Gay Sumioer next, whom mfsettjiWiOAadon^ 

And wavuig fields of yellow eon } 

Then A utumu, who wlth lhvlslii stores the lap of Nature spraadit, 
Uecrepid Winter, laggard itt the daaoei 
(Idke feeble age opptost with pun) v 
A heavy season does maintain. 

With driving snows, and winds, and rato, 

Till Spring, recruited to advanee, 

The various years rolls tmmd again. 

Hoohbs. 


The earth’s rotatioD makes the night and day ; 

The sun revuiving through th’ ecliptic way, 

EfTocts the various seasons of the year. Buccmore. 

Tho alternate succession of day and night, as well as the variety 
ot seasons, depend entirely on the motions of the earth. For if the 
sun and the earth were perfectly at rest with respect to each other, it 
IS evident that one half of the earth would always be in the light, and 
the other halt in darkness, as the sun can only enlighten one half of 
its surface at a time. But as the earth turns round its axis once in 
twenty-four hours, any particular place on its surface will pass through 
light and darkness alternately. As long as it continues in the eii- 
lightened iietuisphere, it will be day at that place; hut while it passes 
through the opposite hemisphere, it will be night. But although the 
regular succession of day and night be occasioned by the diurnal 
revolution of the earth on its axis, yet Uiis motion is not of itself 
sufficient to prodgee that variety in the lengths 'of days and nights, 
which the various places of the eaith experience in the course of a 
year. 

For should it revolve on its axis, with one of its poles always 
pointed exactly to the sun, one half of the earth would oe constantly 
in the light and the other half in darkness, notwithstanding its rota- 
tion. Again, if we suppose the earth to turn on its axis, Vith its 
equator directly pointed to the sun, then the light would just reach 
botli poles, cansequenlly all places would be in Might and darkness 
alternately, and the days and nights would be exactly twelve hours 
each at every part of the globe. 

If either extremities of the earth’s a^tis, suppose the nortlierii, were 
to make an acute angle with an imaginary line joining the centre of 


Mf a terrostrial globe be placed in the various p^itions menlioned in tbis 
article, it will contribute very much to imprest} the mind with the true cause of 
the change of the seasons. 
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the sun iffiftli auy p.oint of the ef^h’fi'e^^fiijor 
iiiifth polo; and! a certain tract ircrniid it; in the 

light* notwithstaiiUing the reirplution of .th'e^^tb on its axie^ t^veh 
those places in the northern heniisphet^ which the enn appeared, to 
rise and set, would have their daye flways longer than their nights; 
at the equator the days and »jgl^/ Would he equied ; but in the 
southern hemisphere the reverse would, happen to w'h«ft took place in 
the northern. For those places to which the sup appeared to rise 
and set would have their nights longer than their days ; and the south 
pole would be constantly in darkness, with a tract around it equal to 
what wa.H constantly io the light round the north pote^ It is evident, 
also, that in this case the sun would be always on the north side of 
the equator, and vertical to a certain circle parallel to it, which would 
bo as many degrees from tlie equator as the angle cotitaincd between 
the earth’s axis and the imaginary line wanted of a right angle. 

This last supposition is in some degree similar to what actually 
takes place in nature; for the axis of tl)e c^arth makes an angle of2H^ 
degrees, with a pi'rpendicular to its orbit ; and as the axis always 
remains parallel to itself, or points in the same direction, this angle 
must be constantly changing as the earth moves forward in its 
orbit.* 


Some say hr bid his angels turn askance 
The poles of earth twice ten degrees and more 
From the sun's axle ; they wUh labour push’d 
Oblique the central globe. Milton. 

1'his is well represented by the following figure, which shew^s the 
earth ill twelve difierent positions, or at twelve difierent times of the 
year. 



The line iin the equator, ft- the north pole, and $ the south. 
The signs of / , di;c, denote the points of the ecliptic in wliich the 
earth is when it has the positions in the figure. 

'*()r, what amounts to the same, thing, the axis of the etfrth makeiflf aii angl# 
with the plane of the ecliptic of CG^ degrees. ' ^ 



d6pen<b"etitii^J|: mu|ri^:u#a3$^^^eUiag«^ 

mg; ttttd^ o^c<Mil»«;«ylfii^y:pbl^^^ »UT&ee:,m«rt afeo 

alt^r* its posttic^ vitli re^pec^t jSi^ %viu/^ About ttie SMHh of M arob» 
when the sUn, as seen the sigh Aiiest ^Ae hne 

supposed to joHt the Oentrthii^ sun is nerpeii|d|icidar to 

Ac earth's exist tionseqaeii^ both phlesare similarly sliced widt 
respect 'to the suii| as he is^i^n i^fi^clly over thh o4^thr^ ;and As 
days and liighto siTe equal at Ae globe* This' time of 

the year is called the eenio/ ; oehause spring comm^ces to 

Ae inhabitants of the norAeito h(fi^^bejrej» while autumn bi^ns to 
Aose of Ae soiiAem. ' ' , 

After the :20th of Mhrch the stin appears to rise every day sensibly 
more to the northward Aan he did Ae day before, to he inore elhyated 
at mid-duy, and to continue longer above the horizon, till Ae 21«t of 
June, which is the longest day at all places in the ciorAern hemis* 
phcre. At this time ilie angfe formed by Ae northern half of the 
cartirs axis and the line joitiiiig the centre of the eurA and sun is 
then at the least, which is <>0|^ degrees. The sun will then appear 
to touch the tropic of Cancer, and W vertical to all places 23|- 
ilegrees nortfi of the equator. This time of the year Is called the 
svmMer so/sficc, because it is Ae fiuddle of summer, and the sun 
seems to icmain stationary for a few days. 

After the 21st of June, tho angle joining Ae centres of the earth 
and sun gradually increases, and Ae sun appears to recede from tho 
tropic of Cancer, in the same manner as he advanced to it, rising 
every day a little farther to the south than he did Ae day before, fill 
the 23 uf September, wlien Ae axis has a similar position to what it 
had on the 20A of March, licing again at right angles to the line just 
mentioned, conscqu<*ntly the days and nights are again equal all over 
the globe, which constitutes the autumnal erjuinox. 

The sun now a]>pears to cross the equinoctial, and the sou A pole, 
which, during the Iasi six monAs, was in the dark, begins to turn 
towards the sun ; and precisely the same phenomena are exhibited to 
the southern hemisphere as those already described in Ae case of the 
northern half of Ae earth. ^ On the 22<1 of Pecembor Ae sun appears 
to touch the tropic of Capriconi, and is vertical to all those places on 
tho earth that are 23^ decrees south of the equator. The days arc 
then longest at ail places in Ae semthern hemisphere, but at Ac 
shortest in the northern. TJiis time of Ae year is termed the winter 
g^jbtice. 

From the tropic of Capricorn the suri again appears to move for- 
ward, and to arrive at the equinoctial again on the 20A of March, 

Thus by a combination of Ae anufial and diurnal motions of Ae 
earrn. with the parallelism of its axis, and tho oblii^uity of its orbit to 
Ae plane of its equator, the various seasons are proil needy and Ae 
same quantity of light and darkness, in the space of a year, are dis- 
tribulod to every region of (he globe. •' 

Ibc manner in which the sun enlightens Ae earth, Ae parallelism 
of Its axis, and Ae in(!rease and decrease of tlie days and lights. 
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may be well illiistrated by a small terrestrial globe, suspended by a 
string fastened to its north pole, as represented by the following 
figure. 



A circle of wire a 6, representing the plane of the earth’s equator, 
may be held parallel to a table, and equal in height with the flame 
of a candle standing upon it If the string be twisted a little towards 
the left hand, and the globe suspended within the circle, with its 
equator at Uie same height, the globe will begin to turn on its axis 
from west to east, and day and night will be represented by the light 
and shade produced by the candle on its surface. But if the globe 
be carried round the wire, to represent a year,' the candle will illu- 
minate both poles, and every s(>ot on its surface will describe half 
a circle in the enlightened part, and half in therdark part, and make 
ftpality of day and night through the year. This is, however, not 
the case in nature, as has already been fully explained. ' If then the 
wire be inclined to the ^ble at an angle of 23| degrees, as represented 
by tlie circle abed^ and^ the globe be carried gently round it, the 
seasons, and increase of day and night, will appear as they are in 
nature; i. e. when the globe is at a, (he candle enlightens it no far- 
ther northward than the arctic drcle no; all within which, in the 
middle of our winter, is deprived of a sight of the sun ; while all 
places within the antarctic, or opposite circle, have perpetual day: 
at tills time the candle shines verticaily on the tropic of Capricorn. 
As the earth moves towards b (the vernal equinox), if a small patch 
be laid on latitade north, it will shew how the days increase at 
lAUidon, and bow the nights decrease. When it has arrived at 6, the 
caudle will then be perpendicularly over the equator, and, shining to 
both poles, equality of day and night will take place: as it proceeds 
towards c (the summe/ solstice), the days increase, and the candle 
shines more and more over the north pole: when it has aMved at c. 
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the whole orctic circle, and the eounto^^ it includes, will revolve in 
continual sight of the sun ; and dll witbih the antarctic circle will be 
deprived of that sight. At this time the candle shines vertically on 
the trc»pic of Cancer. Moving from midsummer towards d (the au- 
tumnal equinox), ^e days wUlbe found to decrease, and, the nights 
to increase in length, till they icotne again to equality at d, and thence 
to the winter solstice, and so on. 

The particular temperature which distinguishes each of the seasons, 
at any paiticuiar place, is owing to a difference in the sun’s altitude, 
and ihe time of his continuance above^tbe horizon of that place. In 
winter, <he rays of the sun fall so obliquely, and the sun is such a 
shoit time above the horizon, that- bis iiinuence in healing the earth is 
hut very little, compared with what it is in summer. I'or at this 
season, the sun is so much higher than in winter, that his rays not 
only fall more perpendicularly, but more of them fail on any given 
space : and as the day is also much longer than the night, the tem- 
perature of the earth and the surrounding atmosphere must be much 
greater than in winter. 

Since the power of the sun is greater in heating the earth at any 
particular place, when his rays fall most directly, and when the days 
are longest at that place, it may be asked, how docs it happen 
that the heat is greatest about the end of July, when the sun is 
highest Htul the day longest about the 2ist of Juue? The reason of 
this nniy easily be di&coyered by attending a little to, (he manner in 
which bodies are heated. The heat which the earth receives is not 
transient, hut is retained by It for some time. For, like other solid 
btidif s, it receives heat and parts with it gradually. Now as the 
earth continues to receive more heat in the day than it gives out in 
the night, for a considerable time after the 21st of June, its tempe- 
rature will continue to increase, till the days and nights begin to 
approach to an equality. But this is not the case till the end of July, 
at least ; the earth goes on increasing in temperature, till about this 
time, when it is found to be much greater than about the 21st of June, 
although the sun be then higher at mid-day, anoMie day longer than 
at any r)ther time of the year in the northern hemisphere.* The heat 
in July would be still greater were the sun at his mean distance from 
the earth ; but this is not the case, for he il then at bis greatest dis- 
tance. However, the difference between hb distance at this time 
and the mean distance being only ^^tb part of the whole, it could not 
make a great alteration in the heating power of the rays. But if it 
does operate in any degree in diminishing the heat in (he northern 
hemisphere in July, (he same cause must operate in increasing the 
heat, but in a double degree, in the southern bemisplu re in January. 
For the sun is g*^tb part nearer the earth than his mean disttAOce or 
.he 1st of Januaiy. Consequently the heat must be grevtter in the 
southern hemisphere, in January than in the northerii in July, all 
other circumstantes being the same.' The effects of the direfft tn- 


* The Mi^ phciiomeDa take place in (he ioUthera hemi^hera in a reverse 
jrder, or.atstit months* difference of tioie.^ . h 
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fltience of the sun are, however, greatly modified by the transpprtation 
of the temperature of one region into another, iji consequenc* of that 
disturbance in the equilibrium of the atmosphere which the action of 
the sun’s rays necessarily produce. 

Thus we see by what simple means the whole variety of the sea- 
sons are produced; and also how admirably fitted the means are to 
accomplish the end. 

These, as they change, Almighty Father, these 
Are but the varied God. The rolling year 
Is full of Thee. Forth in the ple.^sing Spring 
Thy beauty walks, Thy tenderness and love. 

Wide flush the fields ; the softening air is balm ; 

Echo the mountains round ; the forest smiles ,* 

And every sense, and every heart is J(»y. 

Then comes Thy glory in the Summer months, 

With light and heat refulgent. Then Thy sun 

Shoots jfull perfection through the swelling year : , 

And oft Thy voice in dreadful thunder speaks ; 

And oft at dawn, deep noun, or falling eve, 

By brooks, and groves, in hollow-whispering gales. 

Tiiy bounty shines in Antumn unoonfln*d, 

And spreads a common feast for all that lives. 

In Winter awful Thou ! with clouds and storms 
Around Thee thrown, tempest o*er tempest roll'd, 

Majestic darkness f on the whirlwind's wing. 

Riding sublime ! Thou bidst the world adore. 


ON THE REGULATION OF TIME BY THE HEAVENLY 

BODIES. 

Time of itself is nothing, but fmm thought 
Receives its rise ; by labouring fancy wrought 
From things considered, while we th.nk on some 
As present, some as past, or yet to come. 

No thought can think on time that's stilt contest, 

But thinks on things in motion or at rest 

Though time, considered in an abstract andr philosophical point of 
view, was certainly coeval with the Deity, since nothing can possibly 
exist but ill some portion of it, yet the measuring of time is a matter 
of a very diAerent nature ; and though various nationa have differed 
on this subject, it is, nevertheless, a subject of the utipostiniippttance 
to every human being. For the opposite and cchti^^ctory me- 
thods of calculating time have often been prodnerive pf very groat 
mischief in the world; while chronologers, sometimes, from igno- 
rance, and as often from prgndice, have misireprmnted events, 
which, however trifftng they might appear to thencii; may heTertbeless 
affect the happincM of future ages. During !$he general: cAaos, or 
that period whch; the materials of which' tjto^|b^ntitol fabric of the 
universe was wiiat Ovid calls mdU indigm^itgiue mob$, a rude and 
indigested heap, there were no human b^ngs, imd consecj[uently no 
occasion for any method of measuru^ or'regulaiibg time. But 
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soon as the world was made a fit habitation for man, the measure- 
ment of time became jiecessiary on many accounts; our pleasures as 
well as our in^rests^ require that this object should be accomplished ; 
but it is only an acquaintance , with astronomy that can furnish the 
means of doing it correctly. ' For time has always been measured 
and defined by the motions of the heavenly bodies, and {particularly 
by the sun, as being the most regular aud constant in his aiiparent 
revolutions.* 

The principal divisions of time are the year and the day, which are 
measured by the annual and diurnal revolution of the sun. The day, 
or the time in which the sun appears to go round tlie earth, has been 
divided into twenty-four equal parts, which are called hours, and 
these again subdivided iuto minutes, &c. This division is, however, 
merely arbitrary ; there being no astronomical appearance to warrant 
or regulate such a division of the day, more than a division into 
twenty-two, forty-eight, or any other number of eqlmi parts. 

The length of the tropical year, or the time the sun is in going 
from any p<iint of the ecliptic to the same again, is 335 days, 5 hours, 
48 minutes, 49 seconds. Dot the sidereal year, or the time which 
intervenes between the coi\|utiction of the sun and any fixed star and 
his next conjunction with the same star, is 385 days, 3 hours, 9 
minutes, 11| seconds. The difiereiice between these two periods, 
which amounts to 20* 22^^ is occasioned by the recession of the 
equinoxes, or the falling back of the equinoctial points 50^^ seconds 
of a degree every year. This retrograde motion of the ecjuinoerinl 
points is caused by the joint attraction of the sun and mooti upon the 
earth, in consequence of its spheroidical figure.! 

Time is distinguished according to the manner of measuring ttie 
day, into {apparent, mean, and tidereaL Apparent time, which h 
also called true, solar, and astronomical uiiie, is derived from 
observations made on the sun. Mean, or mean solar time, sfime- 
times called equated time, is a mean or average of apparent time, 
which is not always equal ; for intervals betw*een two successive 
transits of the sun over the ti^diaa are not always the same. This 
is owing to the eccentricity of the earth’s orbit, and its obliquity to 
the plane of the equinoctial. If the earth's orbit were an exact 
circle, and coincident With the equinoctial, the sun would alway.^ 
returx. tf> the meridian of any ptkee at equal iiilervals of time, and 
apparent and mean solar titne would be the same. But as tliis is not 
the eaiie, mean time is deduced frojoa appaiexit by adding or subtract- 
ing the.differCnce between which:, iji ttsfxAlly called the equation 

oftiine^ 

Mean solar 4ays are all equal, being twmity-four hours each ; but 
apparent^j^lar days are sometimes moi^ than twenty-four hours, and 


* As it may cohtrfibote to pen^ioufiy inireating of this important subject, wd 
shall consIdi'T the apperftd motkms of ttie sun as reoL 

t Thf*8R vMations are. ctanpuled ami ioietod in a table, whicli is called a 
Table of the EficaijM^V^rtifur. 
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^ometiIncfl less. A sidereal day is tbe interval between two success 
si VO fiansits of a star over tie sane meridian, and is always of the 
.<;an e (cn{>th ; for all the fixed stars make their revolutions in equal 
tnu's, orbing to the uniformity of the earth's diurnal toiation about its 
axis. 'Mie sidereal day is however shorter than the mean solar day 
by 3' This difiererire arises from the sun's apparent annual 

nioticu from west to east, by which he leaves the star as it were be- 
litiid him. Thus i1‘ lire sun and a star be observed on any day to pass 
the meridian at the same instant, the next day, when the star passes 
the meridian, the sun will have advanced nearly a degree to the east- 
ward; and, asthe eaith’s diurnal rotation on its axis is from west to 
east, the star will come to the meridian before the sun, and in the 
(‘ouise of a year the star will have gained a whole day on the sun, 
that IS, it will ha\ e passed the meridian 366 times while the sun will 
only have passed it 36o times. Mow as the suii appears to perform 
the w hole of llui ecliptic in 365 days, 5 hours, 48 minutes, 49 se^nds, 
be describes 69' 8 3", or nearly one depee of it per day, at a mean 
laie; and this space reduced to time is exactly 3' 56|-", the excess 
ft a mean solar day above a sidereal day.* 

'I he equation of time, or the difierence between mean and apparent 
tune, as already mentioned, arises fiom two causes; namely, the ob- 
liquity of the ecliptic to the plane of tlio equinoctial, and the eccentri- 
city of the earlb's orbit. There are, how ever, four days in the year 
whi n the equation of time is nothing, or when the mean and apparent 
time coincide; these days are, at present, the 16th of i^pril, the 16th 
of June, the 1st of September, and the 24th of December. From the 
first of those days to the second, the apparent time is before the 
lucaii; from the second to the third, the wcaji time is before the appa- 
rent; from the third to the fourth, the apparent is before the mean; 
and from the last of tliose days to the first, the mean is again before 
the apparent, and so on alternately.f 

If the revolution of the sun consisted of an entire number of days, 
for insluuce 365, the year w'ould naturally be made to do the same, 
mid tlcrc w ould be no difficulty in th^formation of the calendur^or 
in adjnsiiiig the reckoning in years antr in days to one another. 

jAII the years would thus contain precisely the same number of 
days, and would also begin and end with the sun in tlie same point 
of the ecliptic. But the sun's revolution includes a fraction of a day, 
and therefore a year and a levolntion of the sun cannot be precisely 
completed at the same moment. However, as this fraction makes a 
w hole day in four revolutions, one day is added every four years, in 
Older to make ihis number of years ^equttl to tbe imq|ke numter of re- 
volutions. The year to which this day is added tSi^fdTe cemtains 
366 days. < . . 

I'his is the anangement of what is cal|q4 Julian Calendar, and 

* This excess is somebraes'catled the scceleratioa of the fixed sun>. 
t Clocks and w etchc^ to be Tegii}ated;by thue, as none of them can 
shew apparent lime, heOfuse ^hey are all consjl^a^rtjBa on the principle of uniform ‘ 
and equable motion. ,,,, ' ‘ 
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the year thue computed, ie termed the Julian ycai^ from Julius Ca^KSiir, 
by whom it Was introduced at Rome/ But as the real length ot the 
year is 965 days, 5 hours, 40 minutes, nearly, the manner of rec' 
koning adopted by Julius Cmsar was not suHicientlY exact to presn ve 
.the seasons in the same time of the year; for in i'our years the de- 
ference between the year thus regulaieci and the true solar year 
amounted to about 44 minutes, and in 192 years to one entire day. 
'fhe Julian year must, therefore, . hare begun one day earlier than the 
solar year at the end of this period* Consequently, the continuance 
of this erroneous mode of reckoning would have math* the seasons 
change their places altogether in the ctmise of twenty-four ihonsmi.l 
years. 

At the time of the Council of Nice, in the year 925 of tlie Christian 
era, the Julian calendar .was introduced into the chuicli ; ami at that 
time the vernal equinox fell on the 21st of March ; but on account 
of th^ imperfections of the mode of reckoning just noticed, the rec- 
koning fml constantly behind the true time : so that in the year 1592, 
the Julian year had fallen nearly ten days behind the sun : ami the 
equinox, instead of falling on the 2 1st of March/ fell on the 11th of 
March. 

The defects of the calendar were discovered long before the 
year 1582; but all attempts made to reform it proved in vain. At 
last, Pope Gregory, who was desirous of rendering his poiitilieate 
illustrious by bringing about a reformation, which his predecessors 
had failed to accomplish, invited all the astronomers in Chri.stemiom 
to give their opinions on this important affair. This invitation had 
the effect of bringing forth many ingefiious plans, but thu one which 
he ordered to be adopted was adorded by an u>lrom>mo) of Verona, 
named Lilius. 

The first step was to allow for the loss of the ten days ; which was 
done by counting the 5tli of October, 1582, the 15th of that month. 
By this means, the vernal equinox was again brought to the aist of 
Match, as it was at the time of thi) Council of Nicc;^ And to pre- 
vent the like inconvenience in future, it was decreed that the last year 
of every century, not divisible by four, should be accounted a com- 
mon year, wliich. according to the Julian reckoning, should be h ap 
yeat; but that those hundreds which were divisible by four, sucli as 
1600, 2000, 2400, <&c. should still be accounted leap year. Although 
this correctioi} be sufficiently e^act to keep the seasons to the same 
time of the year, yet it does not altogether correspond with the real 
length of the year, for the. tithe that the Julian year exceeds the 
true, wilt ^amount to 8 daya iil.^t^ years. . If, fbeicfore, at the end 
years; tiiree days were expunged, the equinox would very 
nearly keep to the same dhy of Uie iiioifth; but by suppressing 9 days 


• The intercalary day, or the day which Was added every fourth year,^ was 
accounted the attli of February, and called %y tho Romaim the 6th w* the; Ka- 
lends of Margh j 6n this aeconhi there wW:e every hwicth year tvi^o ftths of the 
Kalends oC Mard^ and therefore called thk year H w*. extile. ^ WUhasitif 
called jGeap Year. 
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tlike place in the cdnrae of twelve or sateSw centuries, but so trifl g 
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still used. 


OF THE TIDES. 

The ebbs of tides, and their mysterious flow, 

He, as art’s elements, shill understand. 

'rhe Tides have been always fonnd to follow, periodically, the 

cou«e of tLsun and moon ; W hence it has bee“ »X?ttso 

all ages, that the tides were, some way or other, produced by these 

**”Thc celebrated Kepler was the first person who formed any con- 
iectures respecting their true cause, fiut what Kepler only hml^. 
ims been completely developed and demonstmted by Sir Isaac 

^^fter his great ducovery of the law of gravitation, hp fonod it an 
ca^ matter to account f« the whole, phenomena ol the todes: for, 
according to this law of nature, all the particles of ma^r which com- 
po^rihe unWerse, however remote from one anotlwr, have a coiifa|^ua 
tendency to approach each other, with a force directly proportonal 
to fhe qlantity^^of matter they contain, and mversely 
to the square of their distance asunder. It is therefore evident, bom 
ih\& f h li the earth will be attracted both by the sun and moon. But 

vet the sun being nearly four hundred tomes more distant 
Lrth than tlie moon, the diffenmee of his auction upon 
Trte oHe earth is not nearly so great « Art of Ae moonj and 
Aerefore the moon is Ae principal cause of Ae tides. 

AttnctiTe pow’r I whose mighty sway 
The Oceau’e swellipg waves obey, 

And, mounting ujmatd, seem to raise 
A liquid altar to tky prabe. 

If all parts of Ae earth were equally attraefod by ®®**,V* 
wo^ld always retain its spherical form, and there 
at dH. But Ae aetkm of Ae moon bmng qnwual ®n difierent pmts 
rtfbrth thoae oarta being most attrncitnd that are nearest the 
moon end those rt Ae greatest- Astance least, Ae spherical 
St ’su£ sMie chMg^ from Ae moon's action. Now, as Ae 

waters of Ae ocean ArecUy under Ae ^ "SLt^*'bv*toI 
Ae central parts of Ae earth, Aey wdl be ^re attracted by her 
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ilmiti iitie iieiitf0^1 pijtrfai.. ,J!or tlie same reason, die cei^lnil pacts Iritt 
lit* moire aitracte4 diaii ^ waters on the opposite s^e of the earth, 
a£Kl therefore the flfstanoe b^een the ea]:;tk’s centiW and the waters 
on its siirfaiee, boQ^;,piider and , Oh die opposite side, will be 

increased ; or the ^s^i^ers wUl rise and k wiU then be flood, or 

high water, at those ^aces. Bot ibis is hot the only cause that pro- 
duces the rise ^ the i^ater at these two points ; for those pacta of 
the ocean which are. 00^ friiin them will be attracted with nearly 
the same force as the centres of the earthy the effect of which will be 
a small increase of their gravity towards the "centre of the earth. 
Ilencc, the waters at those places will press towards the zenith and 
nadir, or the points where the gravity of the water is diminished, to 
restore the equilibrium,, and thus occasion a greater rise at those 
points. But in order to know the real effect of the moon on the 
ocean, the motion of the earth on its axis must be taken into account. 
For if it were not fur this motion, the longest diameter of tho watery 
spheroid would point directly to the moon’s centre ; but by reason of 
the motion of the whole mass of the earth on its axis, from west to 
east, the most elevated parts of the water no longer answer precisely 
to the moon, but are carried considerably to the eastward in the 
direction of the nitation. The waters also continue to rise after they 
have passed directly under the moon, though the immediate action of 
the moon begins there to decrease ; and they do not reach their great- 
est height till they have got about 45^ farther. After they have 
passed the point which is 90^ distant from the point below the moon, 
they continue to, descend, although the force which the moon adds to 
their gravity begins there to fkerease. For still the action of the 
moon adds tolli^ir gravity,' anl makes them descend till they have 
got about 46^ farther; tlie greatest elevations, therefore, do not take 
place at the jpoints which are in a line with the centres of the earth 
and moon, but about half a quadrant to the east of these points, in 
the direction of the motion of rotation. . 

Thus it appears, if the earth were entirely covered by the ocean, 
as represented by the circle bdnain the following figure, 
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that the spheroidical form iivbich it would assume* would be SO 
situated, that its longest diameter would point to the of die moou^ 
or the moon would always be to the west of the meridian of the pans 
of greatest elevation. And as the moon apparently shifts her posu 
tion from east to west in going round the earth eveiy day* the longer 
diameter of the spheroid following her motions will ocoaHum two 
floods and two ebbs in the space of a lunar day* or 24 hours 46 mm, 

The moon turns Ocean in his bed 

Fiom Kkle to side, in eonsUint ebb and Sow, 

And purihes irom stench hib wat'ry realms. 'V oitng. 

lliese aie the effects produced by the action of the moon only; 
but the sun has also a considerable effect on the waters ol the ocean, 
although It must be much less on account of his immense distance. 
For, as already observed, it is not the action of these bodies on the 
earth, but the inequalities of their actions which piodiico these 
efticts. The sun's action on the whole mass of the eaith is much 
greater than of the moon’s ; but his distance is so gieat, that the dia- 
meter of the earth is d meie point compared with it ; and, therefore, 
the diflerence between his effects on the nearest and farthest side of 
the eaith, becomes on this account vastly less than it would be if the 
sun were as near as the rnoon*^ However, the immense bulk of the 
sun makes the eflect still sensible, even at so vast a distance ; and 
although the action of the moon has the greatest share in producing 
the tides, yet the action of the sun adds sensibly to this eflect, when 
his action is exerted in the same direction, as at the flnle of nrw and 
Jvil mom, when these two bodie^t are nearly in the same straight line 
with the centre of the earth. Whmi this is the case^ the enecis of 
these two bodies are united, so that the tides rise higher than at any 
other time, and are called tprwg ridlet; as represehtedf by the follow- 
ing figure* where 8 denotes the sun* dntz the tnoon* and c the 
earth. 
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' The ehtion bf the sen' dunitudie* dmt of the mot o 'a the f lerf, 
beceuse hi8 action i4 oj^poeed to that of the moon ; cotiaec)U(^OtKjk the 
offset uitrtt l>e to depre«e the ivatere the mo^n^a action bae a 
tendonoy to raltiethem. These tides are oonsidirabfy lower than at 
any otitertiilSe,, and are called neap lidiss* 

The ipfinff tida do not take plnoo on the very day of the new and 
fuU moon, nor the neap tides on the very day of the qnadtatures, but 
a day or two alter; because in this, case, as in some others, the 
effect is neither the greatest nor least when the immediate ioflnence of 
the cause in greatest or lea^tt as the greatest heat, for example, b 
not on the solstitial day, when the immediate action of the sun is 
greatest, but «»ome time after it. And although the action of the sun 
and moon weie to cease, yet the ocean would continue to ebb and 
flow for some time, as its waves continue in violent motion for some 
time after a storm. 

The Myh water at a* given place does not always answer to the 
same bituation of the moon, but happens sometimes sooner and some- 
timeb later than if the moon alone acted on the ocean. This proceeds 
from the action of the sun not conspiring with that of the moon. The 
different distances of the moon from the earth also occasions a sens!* 
ble variation in the tides. 

If hen the moon approaches the earth, her action in every part 
increases, and the dinerences In that action, upon vrbich the tides 
depend, likewise increase, for the attraction of any body is in the 
inverse ratio, of the square of its ^stance; the nearer, tboreforo, the 
moon is to the earUi the greater is her attraction , and the more re** 
mote, the less. Hence, her action on the nearest parts increases 
more quickly than it does on the more remote parts, and tbereforo the 
tides increase ttt a higher proportion as the distance of the moon 
diminishes. 

Sir Isaac Newton has shown that the tides increase as the cube of 
Uie distances decrease, so that the moon, at h^fhet present distance, 
would produce a tide eight timm greater. 'Now the moon describes 
an ellipse about the earth, and, of course, must be once in ev4*ry 
revolution nearer the earth than in any other part of her orbit ; conso> 
qqendy, she must produce a much higher tide when in this point of 
her orbit than in the opposite pednt 

This is the reason that two groat qsHhjf tUte$ never take place 
immediately after each cAer; for if the moon be at her least distance 
at the time of new moon, she must be at her greatest distance at the 
time of^/ moon, having petfor med katt a rovoiution ih the intervening' 
lipie, apd therefore the spring Me ailhe/stf wilt be much Jesg thati 
<Alk.ipt|lmprece^ thesdoie reason, if a great spring 

tide Mppens at the time otfiUlmomt the tide at the following eaaiMjfe 
wilt be less. 

The spring tides are highest and tiie neap tides lowest the 
eeghmuig of the yeat; for the eartii being nearost the sun nboujIf'tHe'* 
istof Januaijr, must be more stiroUj^y attracted by tba^b^||ibii 
tt anycth^timeof the year: hence, the spring tides Mrabt 
ebont be greater tiwoi at any other time^; Ani mtsAi 
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Ihe moon be ii$W or full in Aat pan of tier orttti wHilA b to 

the earth » at tba ibirle time the tidea VUl be ^urklerabfy;U|^^^^^ 
at any other time of the year. , " ? 

The tide which happens at any time, Whdlle the moba U ahote the 
horizon, is called the superior tide, and the other tbd.^iirfeiior tide. 
When the moon is in the equinoctial, other thhifj^ romahiifig; the 
same, the superior and inferior tides are of thO »ame height ; but irhen 
the moon declines towards the elevated jpole^ tlie superior tide is 
higher than theo^mor. Jf the latitude of the place and the decli* 
nation of the moon are of contrary iiames, tiie ta/erior tide will be the 
highest. But the highest tide at any particular place, is when the 
moons dccliiiation is e^ual to the latitude of the place, and of the 
same name ; and the height of the tide diminishes, as the difference 
between ihe latitude and declination increases ; therefore, the nearer 
any place is to that parallel whose latitude ts equal to the moon’s decli- 
nation and of the same name, the higher wit! be the tide at that place.* 

Such would tlie tides regularly be If the earth were all covered 
over with the ocean to a great depth ; but as this is not the case, it 
is only at places situated on the shores of large oceans where such 
tides, as above described, take place. ^ 

The tides are also subject to very great irregularities from local cir- 
cumstances : such as meeting with ismnds, shoals, headlands, passing 
through straits, ^tc. In order that they may have their full iiiotioii, 
the ocean in which they are produced ought to eatend 90^ from east 
to west, because that Is the distance between the greatest elevation 
and the greatest depression produced in the waters by the moon. 
Hence it is, that the tides in the Pacific Ocean exceed those of the 
Atlantic, and that they are less, in that part of the Atlantic which is 
within the torrid zone, between Africa and America, than in the tem- 
perate zones, on either side of it where the ocean Is much brciader. 

In the Baltic, the Mediterranean, and the Black seas, there are no 
sensible tides; for they. communicate with the ocean 1^ so narrow 
inlets, and are of so great extent, that they cannot speinlUy receive 
and let out water enough tb raise ot depress Aek surfaces in any 
sensible degree. 

Ihe power of the moon to raise the waters, Sir I. Newloo Jkms 
shown to be about 4f times that of iho son, and that the moon raises 
the waters 8 feet 7 inches, while Ihe sun and moon kjgelfaer ntitid 
them 10} feet, when at their mean distances from the aaro, abbot 

12 feet when the moon is at bet least dhttaneCv ^ are 

found to agree very well with observatipim emeu and 

deep oceans, but not well on the coasls of Ihe 
water is shallow. , 

The mean retatdation of the tides, bn 
meridian in 24 hours is 48^ 4fi"*7, wd thl^ 
successive tides is 12^ 26^ 14''*2 ; bebca,^tim 
of high water is 2tf'*4. , , ' ^ 

^ .1 l ' ■ i ,ll|l III.. I ’ .w 

* In cojnpsring the height of the 

tbeeun and moon are at the eame dlshu^ frjm _ 

tioa with respect to the meridian of these \ ’V' ' 
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,»lftccis to multiply W M »«»“ ® the Dr^octby 60, which gives 
l>y.,the ino<»’8i>€^W^ nmninffto rtie meridian on that day, in 
the mean time ot of higb water on the days otfutt and 

hours; to this w the sim is the time of high water at 

ehanse at the P®“ ^,en day, if the sum be less tlian 

; ±'.“ .!S’^dS,.y ^ d™ 1 wsi »" - 

the the progress of the tides from the 

The following fipire exhjits p P 

AUaniio through the* haded lines nearly at the 
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OF THE FORCES WHICH RETAIN THE PLANETS IN 
THEIR ORBITS. 

Thine these noble works 
Great universal Kulerl 
Thy vj) tiiuj ener^ry the frame of things 
Pervading actuates ; ns at first thy 
Ptftubed through endless space this limpid skv, 

Vast ocean without storm, where these huge globes 
Nail undisturiicd, a rounding voyage each ; 

Obserxant all of one unchanging law. 

Simplicity divine! by this sole rule, 

The Maker’s great establishment, these worlds 
Revolve harmonious, world attracting world 
Witli mutiial love, and to their cetiiral sun 
All gravitating. Mallet. 

Before the time of Kepler, who flourished about ihe end of the 
16th century, the planets were supposed to move in ctVe7</ar orbits ; 
but since his gieut ‘discovery of the laws which regulate the motions 
of these bodies, astronomers have been enabled to determine their 
periods, and the figures of their orbits, with the greatest exactness. 

The laws of Kepler are, 

1. That all the planets move round the sun, in such a manner, that 
the radius vcctm\ or a line joining the sun and planet, passes over 
equal areas or spaces of the orbit in equal portions of time. 

2. That each of the primary planets describes ah ellipsei having 
the sun in one of its foci,* 

6. That the sipjares of the periodic times of the planets are to each 
other as the cubes of their mean distances from ihe sun. 

These thiee laws are the basis of all physical astronomy. But in 
a popular work like the present, it would be tmpn^|ier to ent^r upon 
any demonstratious of them. However, as it may, perha|>s^ ^nitity 
the reatler to see an illustration of the third law, we shall give an 
example, by com|Kiring the distance and periodic time of Mercury 
with those of the earth. 

Suppose the distance of Mercury were given, and it was required 
lo find the time it required to perform a revoiiuioti toimd the sun,;, 
having the distance, qe the, earth from the sun and the teufdi bfithe 
year given.- By the third law of Kepler it would be' di^efiiimed 
thiLS As the cube of the earth s distance (05^ is 

to the cube of Mercury’s dista nee' millions)^ so. is of 

the earth's periodic time days) to 

year (88* days nearly). ‘ 5 

The dktanre may also be foutid by ihe same law, /if the )>eriodie 
time be known. Let .it be required to find i^fdr^ttoc^ 
having its periodic time given, then it J as 

the square of 3(55f days, is to thefquare ol^'daysi ^0, iss^tlte cube 
of 05 millions of miles to the cube of liiilUoits pf db* 

— ^ . K.. ■* ' ’ ■ : ■ ■ . . ' 

* Seefig. pagS'iO^ . 
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tanco ol* JVftTcury from the sun. In the same way* the dufm^e of 
any other pianot may be detormioetl, if its |H‘riod be known; or its 
period, if its distance be Known.* 

^After the laws of gravitation were known, it was demonstrated by 
Isaac Newton, d priori^ that the laws of Kepler must be lliose 
that regnhite'the system of the world. 

This extraordinary man found that the laws of motion, and even 
the general properties of matter, are the same in the heavens as on 
the earth. That the elliptical figure of the orbits described both by 
the primary and secondary planets ; the small deviatitnis in the form 
and poKition of their orbits, as well as in the place of the planets ; the 
facts which concern the shape, rotation, and position of their axis; 
and the oscillatinn of the waters which surround the earth, are alt 
explnim‘d by onv pn/tcipte ; namely, that of the mutiial gravitation of 
all hodii's wi*.h tbrees direvily as their quantities of matter, and in- 
versely as the s(juares of their distances. 

l^ut as we cannot follow this celebrated philosopher in all bis de- 
monstrations OH' this important subject, in a work of this kind, wo 
shall endeavour to give as clear and comprehensive a view of the 
doctrine of gravitation, as our limits will permit, ut the same^^imo 
avoiding every thing abstruse. 

"J’lins, if one body coniains double the quantity of matter that 
anoilier contains, its attractive power will also bo uoiihle ; if it con- 
tains ten times tliO quantity of matter, its attractive power will be ten 
limes greater, and so on. 

But if a body be placed at any distance from anotlier body, and 
then removed to double the distance, it will attract it only with a 
fourth part pf the force it did before; at throe times the distance* 
with a ninth part of the force ; and at four times the distance only 
with a sixteenth part, and so on. 

These are termed the laws of gravitation ; and are known to aflfoct 
every species of matter* and to connect the most distant bodies in the 
universe. But what tlie power or priiicipl«3^ is which causes bodies to 
affect each other according to these laws, we shall not attempt to 
enquire : because any enquiry of this kind is not likely to be attend<‘d 
with much success. IS or is it necessary to know the cause which 
prodtu^Gs these effects; for all that the astronomer is concerned to 
know is, whether such a power or force is exerted by one "body on 
another; and if it is, wliatare the laws of its action. Now both of 
these important facts have been determined with the greatest precision* 
not only by calculation, but by observation and exjfierimcnt. 

Eyory person knows that a heavy, ..body dropped from any beiglit 
above, the eaiih’s surface descohdf in a straight line ti>wards the 
centre of tlie ||mrth* where the whole force of gravity seems to be 
accumulated. And although it Im difficult to discover any sensible 
change ip .tire Jntensity of this|i>rce by a direct e^ierimeat on the 
weight of a on aecottot of 'idie distances to which we ean either « 

* In topi^onn the calculaium lb this example, it is ueceMNUry fo'he ao^ 
quainted with 'piefipninB* and the r^hod of extracting the s^ie aad cube 
roots. ■ 
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ascend or descend from the earth’s surfa<ie boiiig so small; yet tlie 
experiments which have been made with the pendulum, lead us to 
infer, that the force of gravity diminishes as we recede from the 
centre of the earth, at the rate we have stated above, namely, as the 
square of the distance increases. The effect of terrestrial gravity, as 
exhibited in the descent of falling bodies^ has been accurately mea- 
sured, and the law which it observes fnlly ascertained and confirmed. 
It had been long known that falling bodies acquire an increase of 
velocity as they approach the earth; and consequently that they pas.^ 
over a greater space in atty given time. But Galileo was the first 
person who made known the law which regulaies their desceui, which 
is as follows : When a body falls freely from a state of rest, it 
passes through the space of sixteen feet oncf inch in the first ^ econd 
of time; and at the end of the first second it will have acquired such 
a degree of velocity as would carry it thirty-two feet two inches in 
the next second, though it should acquire no new impulse from 
gravity. But as the same accelerating cause continues constantly to 
act, it will move sixteen feet and one inch more the next second ; 
consequently at Die end of two seconds it will have fallen sixty-four 
feet |pur inches, and acquired such a velocity as wcfuld, in the next 
second, carry it over forty-eight feet, although it received no new 
impulse, and so on. If a body be projected perpendicularly upwards, 
Its motion is continually retarded by the same cause wdiich accele- 
rates it in descending. But if it be projected in a direction different 
from the vertical line, that direction will be continually varying, and 
a curved line will be described in consequence of the incessant power 
of gravity, which, in such cases, is measured by the degree of curva- 
ture of the line described by the body. 

This phenomenon affords a very good illustration of the theory of 
the planetary motions ; for the effect produced is perfectly analogous 
to the motion of a planet in its orbit. Every person knows Dial Die 
greater the velocity with wliich any body is thrown, in a horizontal 
direction, from an engine, the further will it range before it falls. 
And though a body cannot be thrown to a very great distance on the 
earth, yet we can conceive a body projected with such a velocity as 
to carry it quite rmnd the earth without touching it, and to continue 
to circulate round it in the same path with undiminished velocity, in 
every respect as the moon does. By reasoning in this manner, Sir 
Isaac Newton conceived, that the force that pi^ucen pressure. in a 
body that is supported, or that causes a heavy body to fall to the 
ground, or a body thrown obliquely in the air, to describe a curvi- 
liiieal path, might perhaps be the same that retains^. Ihe moon in her 
orbit; and makes the planets and comets revolvt^' (round the sun. 
Though this was at first only a plausible cbtifecturO;, upon 
peal to Die phenomena exhibited by these bodies, he^as enab^ to 
verify this conjecture. 

It was, however, a fortunate circumstance for science, «a well as 
for Newton, that the real motions of the heavenly bodies^, as. 

the laws of Keplef, were known before he undertook the 
of this subject. For these laws were not only the basis upon which 
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be founded his in'^estigationsi but thoy suggested to him the uiaimet 
of conducting them. 

The first law, for example, led him to the important discorery, thal 
the action of a ^rce always directed towards the sun iendi the path 
of each planet into a curve; and the second law not only led him to 
the knowledge of the changes produced m the intensity of this force, 
by distance, but to the law which regulates the intensity. 

And as it was previously known that the planets move round the 
sun in elliptical orbits, he was enabled to establUhthis impoitant law, 
thal the torce by which a planet describes areas proportional to the 
nines lotmd the focus of lU elliptical otbit, is inversely as the square 
of tlie distance from that focus. Hence it follows, that each planet 
IS under the influence of a foicc directed towaids tlio sun, and urging 
It in that dnection, and that the intensity of this lorcc is inveiscly 
nroportioiial to the square of the pUnot’s distance from the sun. 

This poner or force is sometimes called tlio ccntupetal force : lie- 
eaiise it niges the planet in the direction of the centre of its mbit, and 
prevents il fioni fiying off in a straight line, which every body moving 
in a curve has a tendency to do; and that force by ohicdi it is uigeo 
111 a straight line, or endeavours to fly ofl from the centie, is railed 
ihe cenhifv ff a I iorv9. It is by the nice combination of these tvio 
forc(s, that ihe whole solar system is preserved in the oidci in whii n 
Me hohold it, and that every body which foiriis any pait of the whole, 
poitoims Its revolution round the common centre of the system. 

It the piojcctde or centrifugal foice that uigcs the planers lorMUtd 
in then orbits were destroyed, each of them would fall to the sun, by 
the force of gravity, just as a stone dc sec mis to ihe eartli. 

The time in which the different planets would fall to the sun, fiom 
a state of rest, bv the action of the ceiiliipetal foice, or the powc r of 
gravity, is is follows Mercu»*y, in 15 days 13 hoiiis; Venus, 39 
da\s 17 hours, the jCarth, Ov iliys 13 hours; Mars, 121 days 10 
hours, Jupiter, 765 days 19 hours; Saturn, 1901 da\s; Uraniih, 
5425 day^ ; and the Moon to the llarth, lu 4 d,ivs ‘JO hours. 

Ah the centripetal force oi attractive power of the sun i«c/cntcvas 
the square of the distance c5 creates, it is obvious that the iiearci any 
body IS to the sun, the more powerfully will it be attracUd by him 
Tins not only accounts for tnc planets wlncb aie neirest the stiii 
moving faster in their orbiU than those that are most remote from 
him ; but also for llie motion of a planet being quickest in that part of 
Its Orbit which is neatest the sun, and slowest in that part which is 
farthc St distant from him.* IV the centrifugal force must always be 
c<]ual to the centripetal, in order that the planet may continue to in- 
volve in the same orbit. In this manner, all the bodies which com- 
pose ihe solar system are attracted by the sun, and made to perform 
then revolutions round him; and as action and li^actum are equal, 
and in opposite directions, the sun is equally aftracti d by all the 
bodies that revoke round him. Hence the order and regularity of 
the whole system ts preserved. 


*Ste page ItL 
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As i^itber our luuits nor the nature of the present work will permit 
us to ^ve a particular account of the planetary disturbances^ or the 
elftict which they have on each other, we shall conclude the present 
article by mentioning the discoveries which have been the result of 
the investigations of astronomers on this intricate subject. These 
may be reduced to the two following; viz. 1st. That all the inequa- 
lities produced by the mutual action of tho planets are periodical; 
that is, after a certain time they all run through the whole series of 
changes to which they are subject; 2d. That amid all these changes, 
two of their elements remain the same — the greater axis of the oibit, 
and the periodic time. Hence, the mean motion of a planet, and it# 
mean distance, are constant quantities. For tliese iinporiaiit disco- 
veries we are indebted to the celebrated French mathemoticians. 
La Grange and La Place. And, as the late Professor Playfair 
has ol>.served, they have made known to us one of the most important 
truths in Pliysicnl Astronomy ; namely, that the system is stable ; 
that it does not involve any principle of destruction in itself ; but is 
calculated to endure for ever, unless the action of an external power 
be introduced. 


OF THE QUANTlTr OF MATFER IN THE SUN AND 
PLANETS, 

AND THE FORCE OF GRAVITY AT THEIR SURFACES. 

On first view, it almost appears impossible to determine the res- 
pective masses of the sun and planets, and to measure the height 
from which bodies fall in a given time, by the action of gravity attlieir 
HtirfHces, But the connection of facts with each other, often leads 
to results which appear inaccessible, when the principle on which 
they depend is unknown. 

It WAS, therefore, perfectly natural even for astronomers to ennsi- 
' der it impossible to determine the intensity of gravity at the surface 
of the planets, while the principle of universal gravitation remained 
unknown ;* and it is just as natural for those who are unacquainted 
with mathematics and astronomy to consider the same thing impossi- 
ble, even although they have heard of such a principle as universal 
gravitation. We shall, therefore, state what has been the result of 
the calculations of some of the hrst-rate astronomers of the present 
day on this curious and interesting subject. 

From the fact that action i» always accompanied by re-action, 
astronomers conclude, that gravitation among terrestrial bodies is the 
mutual tendency of the particles of matter to one another. And, 
from analogy, they think it perfectly reasonable to suppose, that this 
is true in all oases; and that the force of gravitation towards difFerent 


* It. was this discovery which rendered it practicable ta tneasore the ititmeity 
of gravity at the Surfaces of the planets. 
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Kodics, UiediMancc being the I# pi^poHional to thcjqitfSimtiesot' 
matter, or the masses of the bocHes^ \ 

This sappesition Is. the founclaUojn of all the calculations respoctirg 
the masses of the planets ; ahd from it formulas have been deduced 
for calculating the relatire ^tf^ndty of matter in such of the primary 
planets as have'^ saiellttes reVolYiii|: rovind tliem; but the cniantity of 
matter in those that have no satellites can only be guessed at by the 
edect they produce in disturbing the motions of the other planets/ 
The ({nantity of matter in the moOEi, however, may be determined 
J>y comparing its influence with that of the sun in producing the 
tides, and the precession of the e^mnoxes. these means it ()ns 
been ascertained, that the mass of the moon is about -^^gth paYt of 
that of the earth.,,. And La Place, in bis Mecaniq%ue Cekiie^ has de- 
termined tlie tjuantity of matter in each of the primary planets, fVom 
the most exact data, to be as follows : — 


Quantity of matter in the Sun 

. 

1 

Mercury 

. . 

TOTSimy 

Venus 

. . * . 

1 

T8IT3T 

The Earth , . . 



Mars . 

• « » • 

-nrii! or? 

Jupiter 

• • • t 

tubVo 

Saturn • • • . . 

a • » 'a 


Uranusf ...... 

• to 

TS5?TT 


The masses of the planets being know n, and their hulks being also 
known, their densities are easily delermimjd, for these we [propor- 
tional to the masses divided by the bulks. 

liU Place, taking the mean density of the mjii as vjiittf, finds the 
density of such planets as have satellites to be as follows 
The Earth, 3 931)5; Jupiter, 0*8601; haturn, 0-4051; Pranus, 
1-1376. 

Knowing the masses of the planets, and their ^diatneters, the force 
of gravity at their surface may be determined ; for, supposing therm 
to i)e spherical, and to have no rotation on their axis, the force with 
wiiioh a body placed on their surface gravitaU>s to them, will be pro- 
portional to their masses divided by the square.^ of their diameters. 
From the masses of Jupiter and the Earth, La Place calculates that 
a Body which w'eighs one pound at theeartVs equator, if catried to 
Jupiter’s equator would weigh 2| pounds, supposing these bodies to 
have no rotation, and supposing the weights to be measured by the 
pi essutp exerted inthe^two situations. If the same body were carried 
to Ae surface of the sun, it woltld weigh about 27|. pounds; from 
which it follows, that a heavy body would tliere descend about 444 
feet; in the first second of time, 

• The quantities of matter in any two prlimiry planeU are directly as the cubes 
of the mean distances at which their satellites revolve, and inversely at thvsquaios 
of their periodic times* ^ 

f By adding these fractions together it w'lll be found tbrt the ^entity of 
matter in all the planets together is not gj^th pari of the matieT itif the son I 

L 
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Although all thh planets gravitate yet the centie of HfShe 

sun is uot the centre of gravity of Ote aotar system, liie 

centre of the sun is, however, never disiani from that point so much 
as his own diameter, consequently the centre of gravity of the whole 
system is always within the body of the sun. But as this point and 
the centre of the sun do not coincide . exactly, and at) the gravitation 
of the planets to the sun must be accompanied by tlie gravitation of 
the sun to the planets, from the quality of action and rc-^action, it 
follows that the sun must have a motion in a small orbit round the 
centre of gravity of the whole system. The form of this orbit is» 
however, very complicated, on account of the disturbing forces of so 
many planets, which are sometimes exerted toward one side and 
sometimes toward another; and even unequally exerted on different 
sides at the same time, according to the situation of the planets in 
their orbits. 

Thus wc sec the extraordinary and universal principle called gravi- 
tation has not only been the means of making us acquainted with a 
great number of inequalities in the motion of the heavenly bodies, 
winch it would have been impossible to have discovered by observa- 
tion, blit it has funiishecl us with the means of subjecting these 
motions to precise and certain rules. 

I'he motion of the earth, which had obtained the assent of astro* 
noiners, on aocount of the simplicity with which it explained the 
celestial plienoineim, has received a new confirmation, which has 
cariied it to the highest di gree of evidence of which physical science 
is susceptible. Without the knowledge of this universal principle, 
the eliipticity of the jilanetary orbits; the laws which the planets and 
comets obey in their revolution round the sun ; their secular and 
periodical inequalities; the numberless ineqnaliries of the moon, and 
the satellites of Jupiter; the preression of the equinoxes ; die nutation 
of the earili’s axis ; the motions of the lunar axis ; and the ebbing and 
flowing of the sea, would only be insulated facts, and uiicoiinocted 
phenomena. It is, therefore, a circumstance which can scarcely be 
wuiiiciently admired, that ail these phenomena, which at first sight 
appear so unconnected, should he explained by wie ^trineiph — that 
of the mutual gravitation of all bodies with forces directly as their 
quantities of matter, and inversely as the squares of dieir distances. 


OF THE PRINCIPAL SYSTEMS OP ASTRONOMY, 

WHICH HAVE REEN PROPOSED TO ACCOUNT XH£ CELESTIAL 

PHENOMENA. "I’.' 

After the description which has been given of the vanei^ .pheno- 
n'cim of the heavens, both as viewed with the ti#)ced ey^^attd the 
ulescope, it may not be unnecessary, lior u|lflccepia^a reader, ^ 

to give a short account of the principal theories, or systeMRi w^ 
have been formed at various peilodsto account Tqr 
appearances, and particularly for the apparefrimotkms of 
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« . The eiv^plao^ioa of tbe J^otiohs which imturally occurred 

t6 those lyho begadi, the. shidy of^^iei biaavens, was, that the stars are 
so fnaoy Luoiinous points l|xed fu; th0 surface of a sjphere, having the 
earth iu' its centre* and revolving'oh an axis passing through that 
centre, in the space of twenty-four hours. When it was observed, 
that all the stars did not partake of this diurnal motion in the samh 
degree, but that some were carried slowly towards the east, and 
that their paths estimated iu that direction, after certain intervals of 
time, returned into themselves, it was believed that they were fixed in 
the surfaces of spheres, which revolved westward more slowly than 
the sphere of the fixed stars. The spheres were supposed trans|)a* 
reut, or made of some crystalline substance, and from this arose the 
name of the crystalliue spheres, by which they were distinguished. 
Tiioiigh this system grew more complicated, as the number and 
variety of the apparent phenomena increased, yet it was the system 
of Aristotle and Eudoxus; and, with few exceplioiis, of all the 
philosophers of antiquity.* * 

But when the business of observation came to be regularly pur- 
sued, little was said cithet of the fixed stars, or of the crystalline 
sipheres ; astronomers bein» chiefly bout on ascertaining the laws or 
general facts connected with ttie motions of the planets. 

To do this, however, without the introduction of hypothesis, at 
this period, was scarcely possible. The simplest and most natural 
hypothesis vras, that the planets moved eastward in circles, at a uni- 
form rate. But wdien it was found that, instead of moving uniformly 
to the eastward, every one of them was subject to great irregularity, 
the motion eastward becoming slower, at certain periods, and at 
length vanishing altogether, so that the planel became stationary, 
and afterwards acquiring a motion in the contrary direction, and pro- 
ceeded for a time to thc^ westward, it was far from obvious that all 
these appearances could be reconciled with the idea of a uniform 
circular luotiou. 

The solution of tliis difficulty is attributed tc^vVpollonius .Pergmus, 
one of the mo.«t celebrated mathematician k of antiquity. He con- 
ceived that each planet moved in a small circle, and that the centre 
of this small circle moved in the circumference of a large circle, 
which had the earth for its centre. The first of these circles was 
called the epicycle, and the second the deferent; and the motion in 
the circumference of each was supposed uniform. Lastly, it was 
conceived that the motion of the centre of the epicycle in the circum- 
ference of the deferent, and likewise the motion of the planet iu that 
of the epicycle, were in opposite directions ; the first being towards 
the east., and the scond towards the west. In this way, the change 

* Altb(nijg:H it is said that Pythagoias taught that the earth was a planejti^ aiid 
that the san was fixed in tlie centre of the.'plaaetary system ; that the apparent 
revulntioti heavens was produced by the diurnal revolution of the 'earth;' 
and that the apparent annual motion of fiia sun was occasioned by the egith 
moving rocttd him Hke the other planets;' yet this doctrine . was never taught 
publicly^ and in a very short time it was completely forgotten 

• L2 
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fi OR) progressive to retrograde, as well as the inte^med^a^ statboary^ 
points, were ifi^adily explained. 

But, notwithstanding the accomplishment of tbb impoi^tant object, 
and some further applications of the method of epicy<^es by iiip- 
parcbtts, to account for the dnec|iia)ii.y of the sun's apparent motion 
round the earth, no regular system of astronomy appears to have 
been framed or taught by any individual till the appearance of the 
celebrated Ptolemy, who has always been reckoned the prince of 
ancient astronomers, not so much on account of being the founder of 
the system which goes by his name, as for the number of observations 
which ho made, and the extent of bis astronomical writings. 

PTOLEMAIC SYSTEM. 

Ptolemy supposed the earth to be (ixed immoveably in the%entre 
of the universe, and that the sun, moon, and planets move round it in 
the following order; viz? The Moon, Mercury, Venus, the Sun, 
Mars, Jupiter, Saturn, as represented by the following Agure. 


P.M 
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Above these he placed the firmament of fixed stars, then two 
etystalline spheres; all of wbicit were inciiuled iawhai ho called 
the primani mohtfe, which was by some unabeouutab4e m^ans turned 
round ohci^ttt twenty-four hours, ca^ying aU thereat albttg: with it. 

From this arrangement, in which the sun is placed between Venus 
and Hafii, it appears, that he was aocjuainted with thjs common dis** 
dnctioii of inferior and superior ptanets^v It appears,, ^Iso, that the 
arrangement of the planets in the abova order, was made on coust- 
detmg the "time which each of them required to perform a complete 
circuit of the heavens; hence w'e find the moon placed tieare^ to 
the earth. Although he could explain the respeetivo niutioiis of 
the planets round the heavens, from we. t to east, os well ns their 
diurnal motion round the earth, yet he was obliged to liave recourse 
to tlii! epicycles of Apollonius to explain the apparent irregularities 
in their motions, such as appearing to be stationary, retrograde, cVc. 

In order to account for the indination of tlie respective orbits of 
the planets to the ecliptic, it was said, that Uie defeeent and epicycle 
were in different planes from the ecliptic. And when any new and 
anomalous motion was detected, another epicycle was immediately 
added to explain the appearance. 

In this way, by means of the most extravagant suppositions, and 
complicated machinery, a system was at length formeti, which ex- 
plained, in a plausible but coiijecmral manner, most of the constant 
phenomena of the heavens. But the awkward and complicated 
machinery by which it is supported, when compared with the siinpli- 
etty of the Copernican system, is almost siifiicieiit to cause it to be 
rejected. Besides the whtde lieory is entirely hypotliotical ; and that 
the existence of the agents employed to produce such mighty effects 
has never been attempted to be proved. But, indcfUi^ndeul of these 
objections, this svAlom is now found to be at complete variance with 
tiMtoy of ^1^ modern discoveries which have lK;en made, respecting 
comets ; for the orbits of these bodies are known to cross those of the 

§ lanets in every direction ; a fact which » quite incompatible with 
le existence of crystalline spheres. And :.tie coristunt periodical 
niotions and appearances of the two inferior planets, IVfercury and 
Venus, completely refute the whole system. For if this system were 
true, ibese two planets could never be hid beldnd the sun, becau'^e 
their orbits are included iu his, according to Ptolemy’s hyuoth'e^is. 
These motions,, too, would always be direct, and they would ap)>ear 
as often in opposition to, as in coniunction with, the sun : but the cou* 
ti’ary of all tliis takes place; for these two planets are just as often 
behind the sun as before hini'^appear as oilen to move backward as 
forWd-^-rrmid, instep of being seen at any time in Chat side of the 
heavens Which is opposite to the sun, thr^y werO hever yet seen a 
purler of a circle distant from him ; which certainly proves that the 
Ptoleaimc system is contrary to what actually takes place in nature : 
and yet it;oontinued to i^ecfive the section both of the. aod 

unleoroed^i^r nearly fourteen hgudred yea:s, w ithout the truth of ic 
ever publicly called in question 
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ropEltNrCAK' SlfSTlLM.'' "" 

The cslebratted asUoitomer Copernictts/was the person whq Rave 
the death-blow to the system of Ptolem^/ by amemYmg bold 
system which removes the earth from the centre of ihe Wojiid» and 
ascribes to it'a two-fold motion.* 

Coj^ernicus was first led to turn his attention to the hraniini^ of a 
new theory, from a perception of the complexity, or rather abi^ nr dity 
of the doctrine of epicycles. In the early part of his life he began to 
consider whether a more rational and satisfactory manner of account- 
ing for the apporent motions of the heavenly bodies conid not be 
discovered, than that which was given by Ptolemy. By intense 
application to the subject, and a few obscure hints obtained from the 
ancients, he at last deduced a complete system, capable of solving 
every phenomena in a more simple and satisfactory manner than was 
ever done before. 

in this system the sun is placed in the centre, and the planets 
move round him in the following order; viz. Mercury, Venus, the 
Barth, Mars, Jupiter, Saturn ; and far beyond the orbit of Saturn are 
placed the fixed stars, which form the boundary of the visible 
creation.t This is the system which is now generally received 
by all iiiodern astronomers, and the oi>e upon which all the pheno- 
mena, mentioned in the preceding pages, have been accounted for 
and explained. 

It may, perhaps, be proper to notice some objections which have 
repeatedly been advanced against UAespecially as these were not 
noticed when treating of the annual and diurnal motions of the earth. 
This we shall however defer till we have given A short account of 
tlieTychonic System ; because its author was oiie of the most inge- 
niouwS and pow'erfui opponents that ever appeared against the Ooger- 
tiican System. 


TYCHONIC SYSTEM. 

Although the Copf^micon System was received by most men of 
science then living, yet there were some who would, never assent to 
it Ibe motion of the earth was so contrary to what tjiny'.were 
altvays accustomed to bear on tlie subject, and, a$ they ,th<|u^ht;, to 
appearances, that they could never agree to support fl|iieh^>ctrme» 
Aittoiig those who opposed the system of Wf^ 

Brahe, a Danish nobleman, who was born in the year 1546, and ^ho 
devoted the whole of his life to the study of astfe^my* / As heoe^ld 
not entirely adopt the Ptolemaic system, being; convinced that die 
eartli is not tlie centre about which the and jmihjg a 

man of genius, ^be invented a neu? system, whidi wim a kind -41 iiieao 
bstweell (be jHotemaic and the Copemican. . ‘ : 

— . ■ .■■ f .,,,.-,— — . ,■■■ .I....— .. I ,; ' V * ' *- 

V- ' * ,llmdianialaiid anniraL-^$^'psgei;i;^^aa'd 
■ t Ste page'is. 
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In this system, the earth Is placed in the centre of the orbits 
of the sen and woon; hot iBie s«n U sopposed to bo the centre of 
the orbits of the five primary-pIsiiHs then known. Ihus, according 
to Brahe, the son and all the fdanets moved round the eartli, 
in order to save the earth frbm revolving or its axis once in twenty- 
four hours ! 

This System is represllnted by the following figure. 
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be supposed to have much weight in an age when the laws of motion 
were unknown, und when it was not clearly understood that tite sun 
and ])lanets had any edect on each other. Having already fully and 
clearly established both the diurnal and annual motion of the earthy 
mid having advanced soiueother convincing arguments in favonV 'of the 
Copernicaii system, in the f{>rmer part of this work, it would be 
superfluous to enter into a forma! refutation of the Tychuuic system, 
wliich is so difleront from that of the Copemican. 

But as Tycho Brahe advanced a number of objections against the 
Copemican systoin, and particularly that part of it which supposes 
the earth in motion, we shall here notice a few of those objections 
which appear to have the greatest weight, although Uie arguments 
already advanced in support of the aiinual 'Es well as the diurnal 
motion of tiie earth, would be considered as equivalent to a demon- 
stration by any person who was not previously prepossessed against 
the possibility of such motions. 

Tycho asked, how was it possible for a ball which was projected 
perpendicularly up in the air, to fall down on the same spot from 
which it was projected if the earth revolved on its axis ? In answer 
to this objection, it will bo sufficient to observe, that the atmosphere 
which surrounds the earth revolves with it, having received the 
same common motion, in Uie same direction ; and that every thing 
on the eartli revolves with it, and retains the same relative position. 
It is rather astonishing that Tycho, and all those who have repeated 
the same argument, in various forms, never observed that when balls 
or billiards are played in a vessel sailing with the greatest velocity, 
that the shock of the ball is there given with the same force the one 
way as the other ; and that when a stone is dropped from the top of 
the must, it falls just as near the foot of it When the vessel sails as 
when she is at rest. But though this be tlie case, the. stone has 
actually been carried some distance, in the direction of the ship's 
motion, from the point perpendicularly under that from which it was 
dropt : and if a spectator in another vessel at rest were tO observe the 
stone during its descent, he would see it describe an obliq^ue line, or 
the diagonal of a parallelogram, the sides of which would be the 
height of the mast, and the distance which the ship sailed during' the 
time of the stone's desceut. The motion of the vessel is;onmmiini- 
cated to the mast, to the stone, and to every thing on boaird, in such 
a way, that every thing thrown or moved arrives at the same point, 
and strikes with the same fnree, when the ship sails ' as when she is 
at rest, provided it be thrown with the. same velocity in the one case 
as in the other. 

The reason that the stone is seieu to desmb^ bbibiua or 
even to have any motion at allj^Js its dr passing otmr 

in its descent which are known to be But as meets 

with no other object, there is noUitng ^\a distance from it, nor on its 
suifacD, which can by its sUuatkm,^y iU mdti^,prby Its resistance, 
make us perceive or. feel either Jts annual dr dmfhal mottem. All 
bodies on or near the surface of ^e eairlb partake of the motion of the 
earth itself, and are carried smoothly through the air with the same 
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velocity, and continue to preserve the same relative position with 
respect to each other. 

” 'rhe earth,’' said Tycho Brahe, t<i the followers of Copernicus^ 
is a heavy inert mass, very ill adapted to motion, and seems only 
fitted to be the fixed foniidalion of all stability ; and yet you wish to 
make it a star, and travel about in the air I That is too stranso qd 
idea!” . 

- But there is nothing in this remoik of Tycho s which carries witti 
it the smallest degree of evidence against the nmtion of the earth. 
Why not the earth move which is so much less thuii the sun, even 
following the observations and demonstrations of T 3 i«ho liimseli? 
W hy should it be viler or grosser than the planets, which are round 
like the earth, opaque and dark like it, when the sun does not shine 
oiitheiii, and some of them much larger, even according to Tycho? 

Another thing which shocked Tycho very much was the enormous 
distance at which the fixed stars must be placed in the system of 
Copernicus; for the bieadlh of the earth's orbit is an insensible 
point compared will) their distance. “It is not probable,” said he, 
that the distance between Saturn and the fixed stars is seven hun- 
dred times greater than the distance between Saturn and the sun, 
without other stars being placed in the interval ! ” But this distance 
cannot be less, since it is found that the annual parallax of none of 
the fixe<l stars amounts to two seconds of a degree. And us this is 
the angle under which the earth’s orbit appears when viewed from a 
fixed star, if it be equal to the angle under which we see the star, it 
follows that die star and orbit are equalln magnitiide. 

Now, as the parallax.^f the stars is so small as scarcely to amount 
to one second, they must either greatly exceed the earth s orbit in 
diameter, or be immensely distant from the enrth.^ But if Tycho 
had lived at the present day, he w^ould not have advanced this objec** 
tion against the motioii of the earth ; for he would have learned that 
the planet Uranus, as well as nmuy of the comets, moved in orbits 
which extend far beyond that of Saturn, and fill apart of diat immense 
space which appeared to him so inconceifable, He would have 
known by the discovery of telescopes, that the apparent diameter of 
. stars of die first magnitude, does nut amount to one second ; and of 
course we are Jiot under the necessity of supposing them so prodi- 
giously -great as if it amounted to two or diree mintties, as he sup- 
posed. And though it should Im admitted that ibere exists an 
immense interval void of stars and planets, and tbgt the fixed stars 
are incomparably greater than the sun, it proves iiothiog against the 
system of Copernicus. 

That the stars become nearer and smaller in the system of Tycho, 
too vague to prove' any thing in liis favour; because we 
*haye more knowle4g« respecting their real tlian theit;irtte 
dUtmee^: '■}, ''■> '' 

Tyefio asked, bow itw^|mssibie’for the earth to prej^ivrj^e , 

* A€(xudrag m Ty«%» the apiUii^ilh^eter erf' the atom 
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parallelism of iU axis during tlie whole of its revolution roModtlie &ua^ 
or how one and the same body could have two difTerent motions,’ 
one of which transports the centre of the globe, and the other whtdi . 
changes the position of its axis ? Jlut although the axis contintieB to 
maintain its parallelism during the whole of its annual revolution, 
this is not a peculiar motion as I'ydio supposed, and forming a third 
motion; in the sense which Copernicus views motion. It is a situation 
natural to the axis, which does not change, for there is no cause to 
make it change. « 

1 1 is sudicient that the axis has once been directed to a particular 
point in the h^•'lvons, for it still continues to be directed there, though 
the earth itself be constantly moving forward in its orbit. There is 
no physical nor mathematical reason from whence it can be concluded, 
that the axis would be perpendicular to the plane of the orbit, if file 
earth had a motion on its axis — there is no connection between these 
two motions. 

In the time that all parts of the earth are thrown from the same 
side by a projectile force, they nil acquire the same velocity, as well 
as a parallel direction; but this change does not affect the parts with 
respect to each other, nor in the least alter the position which they 
oiiuht to have. All parts receive the same impression ; there Is a 
perfect equilibrium between the superior and inferior parts ; and they 
all preserve the motion of rotation which they had before, or each 
particle moves in a direction parullet to that which it had wheu the 
earth was at rest. ^ 

A body having begun to move round its axis, the two poles, or 
the two immoveable points round which tho^body turns, receive the 
same motion by inipidso from the centre which produces the motion 
of translation ; and if they receive the same motion, there is no reason 
for supposing that one of Uiese points advances faster tliaii the other; 
ami as the two make equal advances, they will necessarily be always 
in a line parallel to that in which they were when they began to 
move. 

When a top turns upon a table by a rotatory inotiOD, the tabl^ may 
bo moved either up or down, or from right to left, obliquely or circu- 
larly, without occasioning any difference ib the movement of the 
The top may also be thrown in any direction whatever, and yet 
tiniie to turn on the same axis. A bail thrown from the mouth of a; 
caiiuon almost always turns round an axis, and althpiigh that axis 
may sometimes be vertical, horizontal, or inidined, yet this depends 
on the obstacles which it meets with in one or other of Aese direc- 
tions before it leaves the mouth of the cannon. But im the earth 
meets with no obstacle in its rovolutioii, the d^ays coatiutibs to 
point in the same direction. . , % 

As the annual and diurnal motions of the eiirtll are the foundatioit 
of all astroAomy, both physical anid practicajj haYe been at 
culm pains to refute the ohjectiohii :Wlifch hgye stai^tljagitnst^ 
these motions by the celebrated Tycho 
strongest philosophical argumehUo'tilft'.hf^ 
the Copernicao system. ' Bat 4^: 
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c6^er«4 , 8(1108 iiU death ha, Would not have staried many of th 
.o,hJe(>tioi^ iviUch be has done agaioftt this system. 

CARTESIAN SYSTRM. 

The next system was the Carlesiau, Its founder, Iib^tt6 Dc$ 
Cartes, flourish^ about the beginmtrg of the 17111 century. Ho 
supposed tliat every thing in the uoiv^rse tormed from very 
iitinate bodies, caihMl atwnn, which hud been floatins: in open space. 
To each a2em lie aitiibuted a luotton on its axis; and he also main* 
tallied that there was a ginteral motion of the whole universe round 
like a voricx, or whiripool. In the centre of this vortex was the sun, 
with all the planets circulating round him ut diilcrerit distances; 
those that were nearer the stm circulating faster than those at a greater 
distance, as the most distant parts of a vortex or whirlpool are known 
to do. Hesides this general vortex, each of the planets had a parli- 
ctibir vortex of its own, by which its satelliles, if it had any, were^ 
whirled round, and any otlier body that came wiiiun its reach. 

This IS the celebrated system of vortices, invented by Des Cartes. 
The fabric, it must be confessed, is raised with great art and inge- 
nuity, and is evidently the produce of a lively fancy and a fertile 
imagination. But llum, it can be considered only as a philosophical 
romance, which amuses without instructing us ; and serves principally 
to shew that the niosi shining abilities are frequently miseniployed. 

In this hypothesis, Des Cartes supposes exum.siou to constitute the 
essence of matter, and wholly neglects mlidity, as w*cll as the inertia 
by which it resists any change in its state of moltoii or rest, which 
principally distinguishes body from space ; and, ^niiserfuetiify, the 
doctrine of an universal pleniio), deduced troni this definition, is 
founded upon false principles. 

That there is such a thing as a vacimm in nature, or a space void 
of body, may be demonstrated from various experiments. Jiy means 
of the air-puntp, we can «o far exhaust the air from a 'glass receiver, 
that a piece of gold and a feather, let fall together, from the top of 
the vessel, shall both descend eqiudly swift, and come to (he bottom 
at same time : which evidenify shews, tiiat, the air being taken 
away, there remains no other matter suiiicient to cauiie any sensible 
resistance, or that in the least impedes or ob^structs their passage. 

It was said by many of the ancient phUoso|)bers, that nature abhors 
a vacuum; and by means of this- dogma, and others of a like nature, 
they attempted to prove and iltustrate the doctrine of an universal 
pi^um^ like that oi Des Cartes. But this is an assortioii, unsup- 
.ported by facts, and tooidlen noUontorequiie any Tormal refutation: 
and in nearly the same predkanieiit dre most of the othc’' argumenta 
wiHCthJiaye been used in defence , of this doctriiie. They are att 
evifficjendy eitpusedi not q^ly jiy Torricilian experiment,, aij^d.dte 
nauire^^njiltipa in gener^, ll»utrUj&^yri8e from the most obvious pber 
Miiomeua, cOiisUat and free M 

m come owr 

Qh of Des Cartes^ And nU others that depdnd on ilie 
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principle^ wc m«iy r«iuark» thut if the pla neu be carried roiiod^ 
the fiun in vortices, the quantity pf matter in, the sun cannpt, affect 
the velocity of the vortex, or the bodies immersed irk it; cbnseqaently 
the velocity might be the same though there u ere nq central , body 
whatsoever. The quoiitily of matter in the sun, therefore, caano^ 
the least effect in retaining the planets in their prbitSi 'But the 
quantity of matter in the sun dxies affect the planet, and is, a mAleriat 
clement in its gravitation towards the centre of its orbit. It is . there* 
fore impossible that the action of a vortes, can have any effect what- 
ever upon that gravitation. This urgiumentis perfectly conclusive and 
fatal to the system of vortices. But we may observe that this s»y.stem 
owed its d(jwnfall to another argument, equally if not still more 
powerful; viz. that whenever you suppose the voitex so arranged 
that it will explain one of those gre^at facts in the planetary motions, 
known by the name of Kepler's Laws, it becomes quite inconsistent 
with the rest. 

The vortices of Des Cartes have, therefore, ceased to afford any 
satisfaction even to Uie most superticial reasoner, and are now only 
known in the hintory of opinions; in which they will ever furnish a 
most instructive chapter. 


HISTORY OF astronomy. 

No scirnce in the world is of more value, or of higher antiquity, 
tluin Aisfronoiny. Its antiquity may be learned from what was 
spoken by God himself at the creation of the world ; for he said — 
“ Ijc’t the sun and the moon be for signs and for seasons,’* <fec. 

By tins it is thought the human race never existed without some 
knowledge of astronomy among them. It is said by some Jewish 
Rabbins, that Adam was endowed with a knowledge of the 
nature, influence, and uses of the heavenly bodies; and Josephua 
ascribes to Seth and his posterity an extensive knowledge of astro-^ 
nomy. 

It is supposed, by some write* s, that Noah retired after the flood 
to the north-east part of Asia, where bis descendants peopled the 
vast empire of China. *• This,” says Dr. Long, may account for 
the Chinee having so early cultivated the study »'f astronomy.” But 
the vanity of the Chinese has prompted them to protend to a ^ow 
ledge of this science almost as early as the flood itself. 

Tj the, emperor Ilua»g-ti, the grand-son of Noah, they attribute 
the disc(Wery of the Pole alar and the mariner*s compais. They 
also say, that Confucius, their great philosopher, who lived .;^eiar» ! 

B. C. lias recorded 36 eclipses; but be ihis.aa.it may, 
are allowed to have had a very early knowledge of astronomy ^ 

$ome authors say it bad its origui among the Chaldeansi others 
among tlie Hindoos, aOd some, with more probahi lit v, 'a^|ig 
Egyptians. Piotessor Playfair has jivfti a learned ahd 
dissertation on the astronomy of the Brahmins, In the second votstM 
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of the Transactions of the Ko^ Ed'mbuxgli, m which he 

shews the- ^at accqrac|f . ana iif|ph of the iioience etnoiii; 

them; and he also shews 4ltal it m exti^ehiely prohahle'tiiat Hin- 
doos were amonf^ the fti^tastroaoiners in the world. 

But Thales of Mileius i$ consider as t(ie first person tliat pro- 
pagated anytntly scientific knowledge of astronomy; and i\ is said 
he ao^tiired hiA^nowledge of the subject in JBp'pt. 

Thales taught his countiymcm the cause of the inequality of the 
days and nights; explained to Uiem the theory of eclipncs, and the 
manner of predicting them ; and gave them an example of his art in 
an eclipse of the son, which happened soon after : he was born 040 
years Is. C. Anaximander was a pupil of Thales, and suecetHlcd 
him as head of the school of Miletus. It is said lie had some idea of 
the spherical shape of the earth ; be U also said to have been tne 
inventor of celestial globes# and of the orthographic projection of 
maps. 

He erected a gnomon at Sparta* by which he ascertained the 
obliquity of the ecliptic, with the solstices and equinoxes. 

Pythagoras was^he next person who improved the science. He 
founded a school in Italy for that very pur|n>«e. Seconded by his 
earliest scholars, he clearly demonstrated the spherical shafie of ilie 
earth, which Anaximander had only t'onjectiired- PyiLa^ras taught 
that the sun was fixed in the centre of the planetary orbits, and that 
the earth moved round it with the other planets— the very system 
which ia taught at this day. *rbm opinion he comniunioated only to 
his pupils in secret ; for being repugnant to the rm?ived opinions of 
that lime, (and even appearances,) he did not wish to expose himself 
to tlie derision and persecution of ignorance an<t fanaticism, which 
would have been the inevitable consequence. Tor, about one hun- 
dred years after his time, Anaxagoras was condemned to banishment 
for saying that the sun was a ma«s of fiery matter. The measuring 
of time being a principal object in astr^omy, many efforts were 
made by the ancients to determine accurately, and to compare with 
each otoer, the motioiis of the sun and moon, on which this measure 
universally depends. 

Melon and Kuctemon, two Greek astronomers, accordingly ap- 

E Bcd themselves to the ^iidy of this subject with groat industry ; ami 
y sagactotisly combining all the observations tlieu known, formed a 
lunt-solar period, or cycle of 19 years. This cycle was adojited on 
the 10th July, in the year 430 B. C. and is still in use. It is called 
the Metoiiic cycle, after the inventor of it. In this diw^ivery is 
vistble very extensive astronoiiiical knowledge, and evciy appearance 
of grea^ accuracy. Such was its success in Greece, that Uie order 
Of . the period was engraved in letters of gold, and at tins day goes 
' by ibo name of the Golden Number. , ^ 

AmoCg the ancients, Budoxus is particularly distingluished tor his 
IcnowlN^e, and also for bis attenfion to astronomy. He built an 
’ obaerv^oiy at Cnidus, his birth-place, which was shown long after 
his deaths' ;He inycuied a sphere, (which is called ljii«loxiiS?ii sphere' 
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to aIiow tiie rising anti setting of the tun and moon, &c.^for Uie 
climate ot Greece. 

f lo uUo composed two books on astronomy : the ohe h,; des- 
cription of the constellations, the other treat^ on ilie times cjf their 
rising and setting. Aralus, by order of Antiochiis, king of Macedon, 
reduced all that was then know’ii of Astroiioiuy into Greek verso, 
uiiiio 1). C. 27<i. This poem if divided into two books, one of which 
describes the sphere of liudoxus ; the oilier give.s rules for predicting 
the W4‘Hther. Both of these have reached us entire. 

While astronomy made such great progress in Greece, it was 
cultivated also by some of the W'estern nations of Europe. Pvtbeas* 
u cedehnifed astronoiuer at Marseilles, observed in that city the 
iiioi idiun altitude of the sun, at the time of the summer solstice, by a 
gnomon for the purpose of determining the latitude of that place. 
This man travelled to other parts of the globe* for the purpose of 
observing the pheiiomona of nature, lie mentions having visited an 
island, which he calls Thule, where the sun rose presently after he 
had set. As this is the case in Norway and Iceland, it is inferred 
that he had reached those coimtries. ^ 

1'he same philosopher discovered that the Polar star is not pre- 
cisely at the Pule itself. Jlo likewise pointecT out the conneiition of 
the tides with the motion of the moon. 

Alexander the Great, by his coiwpiests, rendered great servicfc 
both to astronomy and natural philosophy. On these subfecG 
Aristotle wrote, by his order, a great number of books, la one of 
these, entitled DeCwh, he proves the spherical shape of the earth, 
fioiu tile circular sha<low it casts on the moon in eclipses, and also 
Irom the didFereiicc ofaltitmle obsen'able on any of the fixed stars, in 
travelling north or south.) lie wrote one called De 3/iim/o, which 
gives an account of the three quarters of the globe then known; viz. 
Asia, Africa, and Europe, 

From this time, geography became, through dts alliance with astro- 
nomy, a real science. 

Horace mentions that the. eartn Had been measured before his 
time; for he calU Archyias, wdio had been Plato’s master, the 
measurer of the earth. 

But the first person who measurfd the earth by a method eon- 
sisteiit with the principles of geometry and astronomy, was Eratos- 
llienes, librarian of the Alexamridu Museum. As this lueastirement 
vaapciformed in a somewhat curious , maniior, it may bo gratifying 
t4> the rmtder here to ineutiqn it,, as it will serve to give some idea 
how that has lately been performed in J&iropCi 

Eratosthenes was informed, that, on. the day'rf tl& s^mcr sol- 
stice, the sun was. vertical at;.^qoa to the city of Syeiie, on the 
borders of Ethitmia, under the tropie of Cancer.. A well is parti- 
cularly mentioiiea to have been iltuptoafod to the bottom by the sun 
at noon on tite solstitial day* Be kinsw.>^awise that. Alenandiria 
and Syene ware both under the nm^dtan. 

From these data, by means of 'a ooneoye heenspiiere, with a ajfile 
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fixe^in ceotrei Iw foimd Uiat thosha«)ow of the meridian stm 
caused by the stile at'Akxandria>, was oae-fiftieih part of the whole 
circuniferepee; Hence he inferred^ diat the arc of the luaveDs 
comprised betweei) Alexandria i^d Syetic must be the same; and 
tliat the distajricc between the two .cities must likewise be a similar 
arc, or one-lifiletli part of the circumference of the earth. On mea- 
aiiring this distance, he found it to bef 6()00 stuHia, \rhicli jrave 
250,000 f^adia for the circumference of the earth. As rin re were 
diOereiil stadia then in use, it is not well ascertained how many feet 
a stadium contained. If it was the Egyptian stadium that was used, 
this nieasiiremetil exceeds the modern measures about a sixth part. 

About the same time with Eratosthenes, Ooiirished Aristarchus of 
Samos, who has given a yery simple metiiod of detenuiniiig the ratio 
of the distance of the sun arid moon from the earth, wh ch, though 
not very accurate, is yet ingenious. 

Of all tlio ancient astrouomers, no one has so much enriched the 
science, or acquired so giqat a name, as Hipparchus, a native of 
Nice in Bithynia, 142 B. C. 

One of his first cares was to rectify tfie year, which before his 
lime was made to consist of 3(16 days six hoars, which he found to 
be a little too much!^ He also fouim that the sun was longer in tra- 
versing the six northern signs of the eetiplic than the other half of it ; 
and deduced from this the ecrentticity of the solar orbit. 

lie likewise made similar remarks and calculations for the lunar 
orbit. 

From these data, he constructed tables of the motions of the sun 
and moon, which are the first of the kind that are meiitiuneij. 

Hipparchus made another importanl discovery. He found that 
the stars always preserved the same relative positions with respect 
to each other ; but timt they bad all a iriding motion in the order of 
the signs of the zodiac, which was about 4^ in a year. He also 
substituted a more complete mode of locasuritia the ratio of the 
distance of the sun and moon fioni the eartlil riian the one given by 
Aristarchus. He made use chtrdy of parallaxes; which is the 
method now in use,. On the disappearance of a very larj^e star, he 
set about numlrering the stars, and to note down their coufiguratious, 
resi^ctive distances, Ac. and gave a veiy good catalogue of them. 

This immense labour laid the foundation on which the wludc super- 
structure , of hslronomy was to be raised, He was admired and 
celebrated in all natitHts where, leamtog was pursued. Hippdrchtis 
was the first who applied this sciefiaeto familiar purposes of the 
geeateat utility in g^graphy, by deteririimfiig the situatiou of places 
by their latitiides and longitudes. 

Cleomedes, who lived a little biter than HipparefAt^, has left a 
work on the sphere, tho fYenaide ff the fdanefs, their distances and 
magnitudes, with an accoMht ilp^eul eclipses, which he sajni he 
derived th$ knowledge of from Fylhagoras, Eratesthi^es,' and flip* 
parebus. This work is valuable^ an it is Uie most ancient that has 
|eftdhed us on the subject. 
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The next persuti Uiut claims particular notice, was Julius CseWt 
who rciuderecl an important service to the science of astronomy by 
new-modelling the Konian calendar, B. C. 40 years. * 

Ca;sar appears to have been well versed in astronomy. He dis« 
covered that autumn occupied the place of the winter months of the 
calendar, and that winter occurred m the mouths of spring. He 
inyitdd the astronomer Sosigenes from Athens to Uonio, Co assist 
him in correcting this disorder, 'riiey began by giving fourteen 
months to the year of Rome, to re-establish tlie order of the seasons. 
They likewise determined that the year should consist of 3tto days 
G hours in future; but, as we shall afterwards see, this was makiiiu: 
the year too long by 11' 11"; yet ibis wus coming- wonderfully near 
the real length of the tropical year, considering the stiite of the science 
at that time. This is still called the Julian year, out of compliine,nt 
to Julius Caesar. 

Monriaus, a learned geometrician, A. D. 55, also clistingiiished 
himself in astronomy, by the discovery 4>f the principal theorems of 
spherical trigonometry, which are applicable to the purposes ot 
astronomy. 

Astronomy had begun to languish in Ine school of Alexandria, 
when tlie celebrated Ptolemy made his appcdrunce, in A. B. 140. 

He was analiveofVeliisium in Egypt, and, when very young, came 
to Alexandria to study in that school. His principal work is enti- 
tled the AlmaijvHt^ an Arabic word which signifies the ^rcaf 
It contains nil the ancient observations and theories, to which Ins 
oirw researches are added, and is considered ns the most complete 
collection of ancient astronomy that ever appeared. 

Ptolemy embraced the coniniun cipinion, that the sun, moon, and 
planets moved round the earth us their coiumon centre. This system 
continued to maintain its ground till the time o( Copernicus* aud has 
descended from Ptolemy to the present day, under the name of the 
Ptolemaic System. 

Besides the AlmagejSt, tliere exists another great work of ^Pto- 
lemy’s, his Geography, in which he determines the situation of 
places by their latitude and longitude, according to the method of 
Hipparchus. . Ptolemy had the ambition, like Archimedes, to traus- 
' rait tht? remembrance of his labours to posterity by a public monunietit. 
In lhe temple of Serapis, at Canopus, there is an inscription on 
n arble, in which are explained the hypothesis of his* astronomical 
system, such as the length of the year, the motions of the planets, 
Ac. If there have been men ^greater genius than Ptolemy, there 
is no man tiiat ever eoitected a greater' body of profound knowledge, 
or more truly eond need to tbe progress ;6f astronomy, considering tlm 
age he lived itk, and (he time 

From Ptolemy to th^ tinie of ihe Arabs no astronomer of the first 
order is to be found amongst the Greeks, except, perhaptj Theon of 
Alexandria, who wrote a learned commentarv ou the Almagest, 
about the ytiar 395: v / 

Among die Arabs there have been many excellent asti^bmersi^ 
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As there was no science to which they devoted so much attention, 
there were none in which they made so many discoveries. I'heir 
Caliphs were particularly dislingitiabed for their knowledge and 
patronage of this science. They soon found that Ptolemy had stated 
the obliquity of the ecliptic a little too great; aud, after many obser- 
vations, found it to be nearly what it is at present 

The Caliph Almaniuor the Victorious, who ascended the throne in 
754, ranks among the first of their astronomers. Haroun, his grand- 
son, who reined from 786 to 800^ sent a present to Charlemagne of 
a water clock, in the dial of which were twelve small doi>r8, forming 
the division of the hours. Each of these doors opened at the hour it 
marketl, and let out little balls, which, falling on a bell of brass, 
struck the hours. The doors continued open till 12 o’clock, when 
twelve little knights, mounted on horseback, came out together, 
paraded round the dial, and shut all the doors. This clock at tliat 
time astonished all Europe. 

After Haroun, his son Al Maimon succeeded to the throne. He 
also cultivated the study of astronomy. In his time there lived 
several celebrated astronomers, among whom was Alfragan, who 
composed several books on astronomy ; and from his facility in cal- 
culation, he was sumamed the Calculator. 

Albat^gni was also among the greatest of the Arabian astronomers. 
He found the year to contain only two minutes less then what it was 
found to he by Ur. Halley six hundred years after. 

After the Arabs had conquered the greater part of Spain, in the 
year 1020, they built there many observatories to conduct their 
observations. Alhasen, one of their astronomers, has l(«ft a treatise 
on Optics, which contains the first established theory of refraction 
and twilight which we have. 

Among the Persians, also, there have been many eminent astro- 
nomers. They made many observations to discover the real length 
of the solar year, which they fixed at 365 days six hours. One of 
their chief astronomers was the famous ITIugh Beg, grandson of 
' Taroerlano ; he not only encouraged the sciences as a sovereign, but 
was himself reckoned one of the most learned men of his age- To 
determine the latitude of Samarcand, it is said be employed a quad- 
rant, the radius of which was otie hundred and eighty feet I* 

He composed a catalogue of the stalY, and several astronomical 
tables, the most perfect then known in the east. He was assassi- 
nated by his own son. 

from the year 800 till (he beginniiif of the fourteenth cetitury, 
almost all Europe was immersed in gross ignorance. Tbs only 
people who paid any regard to science, was the Arabs that settled 
in Spain, some of whom have been mentioned above. Profiting by 
the books they had preserved from the wreck of the Alexandrian 


* It Is tbottght l»> many astfoiroiseis, (bat this mnst have been a gaenion ia- 
iteiMjl ol a gtindraBi. 
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library, they cultivated and improved the sciences, and parliou* 
larly astronomy, in wliicli they had tiiany able professors. 

From the beginning of the ninth century to the. year 142d,,when 
Purbacbius appeared, there is no name that deserves to be meiUtoued 
as coiitriburting to the improvement of astronomy. PurhacbiUs was a 
man af great talents ; he l>egan an Epitome of Ptolemy's Almagest, 
but died before it was completed. This was executed by his friend 
and pupil, .7olm Muller, commonly called Regiomontanus. Tins 
man made many observations, and collected the writings of many of 
the ancient astronomers. He published ephemerides for thirty yetii;s 
lo come, wrote a theory of t >c planets and comets, and caicitluied a 
table of signs and tangents for eveiy degree and minute of the quad- 
rani. He died in the year 1470. 

Nicolas Copernicus, liorn 1473, rose next, and made so great a 
figure in astronomy, that the true system discovered, or rather 
restored by him, has been ever since called the Copeniican System. 
He rcviv<‘IJ the old system of astronomy tauglit by Pythagoras, 
which had bi-en set aside from the time of Ptolein\. ills uiitlei stand- 
ing at once revolted against the explanations which that philo.sophei 
had given of the motions of our planetary system ; and set about 
correcting his mistakes, hy laying tiie foundation of what is at thi^ 
day held to be the true system of the world. This system he gr.i- 
dimlly improved by along series of observations, atid a close attciitit»ii 
to the writings of aiicionl authors. His iirst grand woik was prino d 
ill 1643, under the care of Schoiier and Osiander; ami he received a 
copy of it only a few hours before his death, on the 23d May, 1643, 
lit the age of seventy years. 

After the death of this great man, there were .several astronomers 
of considenible note, thatgrratly improved the iicicnce; but the only 
one that claims particular notice was Tycho Brahe, a Danish noble- 
iimri, who was the inventor of a new system, a kind of serni-Dtolcrnaic, 
which he vainly endeavoured to establish instead of the Copernicaii. 
HU numerous works shew that he was a man of great abilities; and 
it is to be regretted that lie sacrificed his talents, agd perhaps his 
inward conviction, to superstitious considerations. He restored the 
eartli to its fancied immobility, and made the sun and moon revolve 
round it ; but the planets he made to revolve round the sOn, which 
was a still more absurd hypothesis than that of Ptolemy. But wo 
ought to foi-give this error, or rather weakness, in return for the many 
observations and discoveries with which he enriched astronomy. 
No man. ever made more observations than Tycho Brahe. 

Contemiporaiy with Ty^O fl^unshed several eminent asti>>nomers, 
among whom was the famntts Kepler. To him we owe the true figure 
oji the orbits of planets^ rniid tho prd|iortion9 of the motions and 
distances of ^he various boidie^ 'mich compose the solar .system. 
The three gritat tsws of Kepler may be said to he the foundation of 
all astronomy. Kepler was born in 1571 » and dini in 1631. 

Galileo was. the next person who rendered any very impbrUnt 
services to astrdiiomy. Ho was the first who applied tne ieic8CO|>e. 
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16 ftstronomical observations, and with it made many ttseful and 
valuable discoveries. By the observations and reasonings of Oallieui 
tl)e system of Cowmens acquired a probsbiiitv almost eejni valent to 
demonstration. By esnousiiig the opinions ol" Coperfiiciis* he drew 
on him the vengeance of the Inquisition, who decreed that he should 
pass his days in a dung^eon ; but he was liberated after the expiration 
of a year, on condition that he should never more teach or hold up 
the Copernican as tlie tfu^ system of astronomy. He was born in 
the year 15(14, tmd died in l442. 

In spite of the Inquisition, itv the passages iu Scripture which were 
always brought forward us objections to the motion of the earth, the 
system of Copertiicus gaiiie<l ground every day. 

Coiiteuiporury with Oalileo were a nuiiber of astronomers, who 
contributed to the progress of the science. Baron N^apier pubiished 
his tables of logarithms in 1614. Bayer, also, obtaining great cele- 
brity by the piiblicatiou of liis Uvummetriu^ in which the stars were 
dcsignaU'd liy llic hitters of the GriMik alphabet, which is still the 
case oil oiii celestial globes and plunispheres. 

Ga^si'iidi, a French philosopher, saw the planet Mercury on tho 
siiii s disc, which W'as the first observation of the kind. A little after 
this, in the year 1663, Mr. Horrox, an fMialishiimn of very extraor- 
dinary talents, discoverer! that Venus wochl pass over the disc of the 
siifj on ilui 24th November, 1669. This oveiit he only tueulioncd tu 
one friend, a Mr. Crabtree; and these two men were the only persons 
in the world who observed this transit, which w^as the first tniusit 
of Venus that had over been viow'cd by human eyes. Mr. Korrox 
made many useful observations almut this time, and had even fcrrm^l 
a new theory of the moon, so ingenious us to attract the attention of 
Sir Isaac Newton. But the hopes of astronomers, from the abilities 
of this extraordinary young man, were soon blasUsJ, for be died in 
the beuinning of the year 1640, aged twenty *four years. 

llevelius, burgomaster of Daiilzic, also' rrjidcied himself emi- 
nent by his numerous and delicate observalious. He founded an 
observatory at DanUic, and furnishr^d it with a great many excellent 
iiisirurnents, some of which were divided into so small divisions as 
:j. ills observations on the s^iots of tlie sun,’ and on tho nature of 
comets, were very numerous; and his catalogue of fixed -tars, con- 
taining the longitude of above IBBB, was remarkable for its accuracy. 

[t is to him, also, we are indebted for the first accurate dosciipMoit 
of the spots on the moon. 

'Ihe improvement of the telescope continued to lay open new 
sources of discovery. The celebrated Huygens coiistrnctjr'd two 
excellent telescopes, one of twelve -feet in length', and the other 
twenty, four, with which he discover^ the fourth satellite of Saturn ; 
which he said afterwards led hhn to discover the ring tliat surrounds 
that planet. Huygens was likewise the first person ‘who applied 
pendulunts to clof^ks. He died in 1695, aged 65 years* . 

About this time the Royal Society of London, and the Royal 
Academy of Fa^ were established, each of wlmdi has produced 

M2 
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HstroiiomoTS of the first order. The first person appointed to conduct 
the observations at the royal observatory at Paris, was Domioic 
Cassini, who soon after discovered the first, second, third, and fifth 
satellites of Saturn. He also discovered that the planets Jupiter, 
Mars, and Venus, turned round their axis in a maniiei; similar to the 
f:artlu lie died in the year 1712. 

The successive propagation of light, one of the most curious di^*- 
coveries in astrononiy, was about tliis time made by Roemcr. a 
Danish astronomer. This has ever since been accounted a most 
essential element in astronomy, and must secure ipiimortality to the 
name of Koemer. 

EiigUnd, At all times, produced astronomers of the first order; and 
at this period it had to boapt of Hook, Flamst 4 >ad, and Halley. 

Hook w'as.boni in 1635, and died in 1702. lie was not only a 
great observer in every branch of astronomy, but his inventive powers 
have been exhibited in almost every branch of science. He was the 
inventor of the Zenith Sector, an instrument which was used to deter- 
mine whether or not the earth's orbit had any sensible parallax. He 
gave the first hint of making a quadrant for measuring angles by 
reflexion ; and he, in some measure, anticipated the discoveries of 
Newton, by shewing that the motion of the planets resulted from a 

n iectile force, combined with tlie attractive power of the sun. 

^lamstcad was born 1640, and died in 1720. After the Royal 
Observatory at Greenwich was fitiishod, he was appointed by King 
Charles 11. to the managoment of it, with the title of Astronomer 
Royal. He made a very great number of observations, which he 
has recorded in his HUtoria CcleHis, and in the Pliilosophical Trans- 
action.s. Rut the principal service he rendered astronomy, was by 
forming a catalogue of 3000 fixed stars. 

Flamstead was succeeded, in 1719, by Dr, Halley, the greatest 
astronomer, saysM.de la Lande, in England; and Dr. Long adds, 
** 1 believe he might have said the whole world,” He was sent by 
King Charles II. to St. Helena, iu order to form a catalogue of the 
stairs in the southern hemisphere, which was published in 1679. 
White he was in the island of St. Helaiia, makirtg this catalogue, he 
had an opportunity of observing a transit of Mercury across the sun’s 
disc, by which he was enabled to^mint out the method of determining 
the parallax of the sun. 

On bis way between Calais and Paris, he obtained a sight of the 
famous comet that appealed in 1GB0» which suggested to him the idea 
of writing a treatise on the subject of comets, in which he investigates 
the orbits of these wanderiag'l^dies, and predicted the return of the 
one that appeared iu 1750, whicb is the only prediction of the kind 
that ever was verified. It is said that dnttng die nine years be was 
at Greenwich, he made 1600 observations.. Hatley was acunamted, 
either personally or by letter, with every astronomer or note in 
Europe then living. He died in the year 3.742, aged eighty-six yekraj 
and was succeeded .by Dr. Bradley* to whom we are indemed fo»^ two 
ol the most beautiful discoveries of wldcb the sm^ifee can boast-r^be 
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ahHi^ation of light, and the nutation of the earth's axis. He also 
niade a great many observations^ ih to discoyer if the fixed stars 

had any sensible parallax. These dbseryattohs are partly publislied, 
and the remainder of them are lii the hands pf a Mr. Abralmm Ro- 
bertson, to whom their publication w$s entrusted* Bradley died in 
the year 1762. 

But to no individual is the scieuee of tmtronomy more indebted than 
to the celebrated Sir Isaac Newton. This great man Was born on 
the 25th December, 1612, at Wooistrope in Lhioolnshire. His dis- 
coveries were not confined to astronomy alone : for in mathematics 
and natural philoSi>phy he was equally great. Ifis chief discovery in 
astronomy was the law of gravitation, by which be was enabled to 
account for some of the greatest phenomena in nature. His great 
wurk the Principia, appeared in 1686. This work is one of the most 
valuable hooks on physical astronomy that ever was published. His 
discoveries are so numerous and important in this science, that the 
solar system, or that restored by Coj^micus, has received the appel- 
lation of the Newtonian system. 

In this country there have been several distinguished astronomers 
since the time of Newton, among whom may be mentioned Dr. Long, 
Dr. Keil, Dr. Bliss, Mr. Ferguson, Mr. Hadley, and Dr. Herschel ; 
the latter of whom, tor his many accurate observations, deserves to 
be ranked among tlie first class of astronomers of any age or nation. 
In the year 17B1, on the 13th of September, he discovered the planet 
Cieorgium Sidiis. In the year 1787, he discovered two satellites 
revolving round that idaiiet; and in 1796 and 1794, he discovered 
other two satellites. These discoveries of Herscbel form a new era 
in Astronomy. 

Dr. Maskelyne, the late Astronomer Royal, has likewise rendered 
very important service to the science. He was the first who proposed 
to the Board of Longitude the publishing of an Ephemeris or Nautical 
Almanack, which was begun in the year This almanack Ls 

still continued annually, aud has been of the utmost service to navi- 
gation. ^ 

Dr. MaskelyuTd ied a few yea^s ago, and was sueceedcil by the 
present Astronomer Royal, Mr. Fond, who is also a man of genius, 
and promises to be of great service to astronomy. 

On the continent also there have been many asiroiioiners of great 
talents since the time of Newton, particularly in France. Among 
these, La Caille deserves to be menttoned, Srith credit. He was born 
in 1713, and in the year 1751 he imdeitook a voyage to the Cape of 
Goodliope, for the purpose of perfie^Dg the cat^gue of the stars 
in the southern hemisphere. Auer ^incredible labour and exertion, 
be returned to Europe vrith a esgatogu^ of 0909 stars, which were 
! OOBftpeeheuded between the soujb pole and the tropic of Capricorn. 
Jn^ditibn to these labouni# Li Caille calculated new tables of the 
.made observatioite 02 ;^^ [mraltax of Mars and Venus, on 
' atmosf^esi^ refraction, on the length of pendulums, and measured 
a degree bf lhe^iueridiafi during his stay at the Cape : he diVii fn the 
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year 1762. Coutetfiporary witli La Caiile Jived several Very emineui 
astronomers, of whom may be mentmned Cassini, Bonder, Couda- 
mine, MaupertuiH, and Clalraut, who were all employed soon after 
this, in measuring degrees of the meridian in diderent parts of the 
yroilvi. Professor Mayer, of Gottingen, deserves also to be men- 
tioned, as contributing greatly to the improvement of the science^ by 
Jie excellent set of tables which ha calculated for finding the phice of 
the moon, &;c. Those tables are now used in making the calculations 
of the Nautical Altimiiack. llis widow received 3000/. for them 
from the British Government, on account of their great accuracy. 
Mayor died in 176*2, aged 41 years. D’Alembert also rendered great 
service to astronomy by his Indefatigable labours, paiticulariy in 
resolving the pr(»bIom of the precession of the etjuiiioxes. lie died 
17B3. 

Euler, one of the greatest geniuses and calculators that any age 
or nation can boast of, ought to be associated with the hi:»tory of 
astronomy, as one of its most distinguished votaries and improvers. 
By his many and accurate calculations, he has rendered the most 
essential service, not only to astronomy, but to all the physical 
sciences ; but his labours are too numerous to be detailed here. The 
eighteenth century was distinguished by many other eminent astro- 
nomers; viz. Maclauriii, Simpson, Bernoulli, Lambert, Mason, Bos- 
covich, De Lisle, Bailly, La Lande,&c* 

The celebrated La Ci range, who outlived most of his contempora- 
ries, was born at Turin in 1736, and has enriched astronomy with 
some of the most splendid discoveries of which it can boast. The 
subjects of his researches in this science were, the theory of Jupiter’s 
satellites, the motions of the planets, and their action on each other, 
which he determined. with great accuracy. 

As tlie labours of the most distinguished astronomers that have 
appeared in the world have now been briefly noticed, and of whom 
their labours are the only memorials that exist ; all titat remains to 
complete this short account of the improvements that have taken 
place ill the science, down to the present day i| to mention the 
labouis of a few individuals still alive. * * 

La Place has also distinguished himself by his labours to improve 
astronomy, particularly in solving the problem ^^tfae tides, iit adding 
some new corrections to the lunar tables, and some discoveries 
respecting the precession of the equinoxes* He also ascertained the 
mean depth of the sea to be four leagues. 

The name of Troughloii ought also to be mentioned; for to no 
iiiiliVidual of the present age is practimi ustrotutrnp more indebted 
than to this distinguislif d artist The great improvements he has 
made upon astrcmomicai instruments, bat rendered bis name cele- 
brated in every ppuutry in Europe. is scarcely an obsis^vsitory 

i)f note to be found that does not conUia spiCe of Mr. Trot^htdu^ 
instruments.,. Lx'V-.". 

The labours of Dr. Others, Harding;, an^'Ptazci, will bS kawM 
jn treating of the new planets.. . . ' ^ 
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INTRODUCTION. 

TitF Work, to which the following pages form a Sopplement, 
being entirely confined to what may be termed tfie Deicrip- 
ftve and Htstoncal patts of Astronomy, it was thought it 
ought tend to make the work still more generally useful if it 
contained a description of Astronomical Instruments, and a 
b’lort account of the Ccilendar. In order to accomplish this, 
without intcifcring with the plan proposed for treating of 
the Tdrious brancjies of Astronomy in a systemanc and 
popular manner, it was found that a Supplement was neces> 
sary. This has therefore been added, and will be found to 
form a very valuable addition to the Work itself. 

The principal instminentK used in the practical part of 
Astronomy are not only represented by figures and described 
«t considerable length, but many other snbjeets connerted 
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with Astronomy have been introduced^ which could not have 
been noticed in a woric purely astronomical. Among these 
will be found several interesting essays on Meteorology and 
Physical Gleography, accompanied with diagrams, which 
cannot fail to render the subjects perfectly level to the un- 
derstanding of the humblest inquirer after scientific infor- 
mation. 

An acquaintance with the Calendar, and the manner of 
computing the common Notes of the year, is so useful to 
every class of society, that the rules contained in the fol- 
lowing pages, for efibeting this, cannot fail to gratify ail 
who wish to possess tiie slightest acquaintance with As- 
tronomy. 

The madher of calculating most of the fundamental Me- 
ments employed in Practical Astronomy have been added, 
with the view of rendering the work not only more complete, 
but to induce the astronomical reader to enter more deeply 
into this beautiful and highlyinteresting branch of the science. 
To those who have made some progress in the study of As- 
tronomy, and who are in some degree ju^s of works which 
treat of the practical parts of the science, this will perhaps 
be considered the most valaable part of the Work. 
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On Agiranomical Tabki. 

In constructing tables for computing* at any given instant* the places 
of the sun* moon, and planets, the fiist step is to determine, from a 
series of accurate observations, the time in which those bodies des- 
cribe a space of or periorm a complete revolution round the 
sun, or ^e primary planet. 

liilien this important element is exactly ascertained, we can easily 
find, by simple proportion, the space which the planet describes in 
any number of years, months, days, minutes, or seconds, upon the 
supposition that it moves tmiformly, or describes equal spaces in 
equal times in the Ctrcuoiference of a circle. This is called tlie 
mean motim of the body. 

The next thing to be settled is the epochs, or radical places of the 
planet, which is nothing more than its longitude upon the suppositiou 
of its motion being uniform, at certain epochs or time, from which 
the calculations are supposed to commence. These epochs of time, 
6r mean longitudes, are generally put down in A stronoiuicaL tables 
of the noon of the Ist of January of each year,,. These elements are 
all which would he necessary for computing the longitude of a planet, 
if it moved uaiforaly in a circular orbit ; but as all the bodice: of the 
solar system moye in eliptical orbits round Ute sun, or their primary 
planet, placed in one of their foci, we nhxt determine the form 
of their orbito, or the nature of thuelipsewliich they describe. This 
may be done in the case of the sun and moon, by observing the va- 
riations of tbek apparent diameters during a. Complete revolution; 
their Stance from the earth being jpveiaety j^portional to the angle 
timsiUhtend. 

: Tha ritip of their greatest and least diameters is a measure of the 
re^ofi iieiween their greatest and least distances, and consequently 
enatd^'ns to ascertain the eccentricity of their orbits. The same re- 
sul^, jilhy: be obtained by observing the spaces described by the 
plaaetii Qttfing equal iniervalii of time. As the areas described by 
the radius: vector of a planet are proportional to tlie times, equal 
area# ira eoriespbud to equal angles, if the planet moves In a cir- 
culaf-ot'hii. \ The observed inequmities, therefore, in the case of an 
aliptic 01%^ being the effect of the eccentricity of the orbit, wju 
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tillable ue tu determine that importaiit element. 11 we. tfaorefcre, 
suppose tliit tlie real uiam^ft moves with dilTereni velocities in an 
oliptiL;il orbit, while a nctitious planet sets off from the j^eregee ^x the 
same instant, and describes a circular orbit, with an unilorm mptioif , 
ill the same time that the real planet describes the elipdcal orbit^ we 
thall obtain a simple explanation of the inequalities arising from the 
eti|)tical motion of the body. At no place of the orbit will these two 
planets be together, but when they are in Peregee and Apogee, or 
when the real planet is at its greatest and least distances from the sun* 

The angular distance, at any time, between the real fictitious 
planet, is called the Etination of ike Centre. ' 

This is greatest when the fictitious planet is at that part of its orbit, 
where a line drawn from it to tine line of the A'p^iides forms a right 
angle, or where the real planet is at its mean distance. From the 
Perihelion to the Aphelion^ the real planet will be before the fictitious ; 
but from its Aphelion to its Perihelion, it will be behind the ficti- 
tious planet. During the motion (»f tlie real planet from the Aphe- 
lion to its Perihelion, the mean place has been farther advanced than 
the true place : and therefore the equation of the centre must be sub- 
tracted from the mean longitude, to obtain the true longitude of the 
planet; but from the Perihelion to the Aphelion it must be added, 
because the mean place is behind tlie true. The eipjatton of the 
centre obviously depends on the mean anomaly of the planet, or its 
distance from the apogee, which, in ai|^ the primary planets except 
Venus, has a motion according to the order of tlie signs. By deter- 
mining, therefore, the place of the apogee, and subtracting its longi- 
tude from that of the planet, we obtain the mean anomaly of the 
planet; with which, as an argument, we find from the Tastes the 
corres|)onding equation of the centre, wdiieh, applied to the mean 
place of tlie planet, gives its longitude in an elipiical orbit. 

This result would be the true pl^ce of the planet in its erbit, if its 
motion were not influenced by any disturbing force; but, oWing to 
tlie mutual action of the p^ane>, their motions are somettmes acfx- 
lerated, and at others retarded; atid therefore the longitudes of tb ^se 
bodies must I e still farther corrected* . / ^ 

In determii ing the plnA of the planets, we miist Jlkiinpute also 
their latitudes or distaiice^roni the ecliptic, which iflftiet evidently 
depend on the distance of the planet from its node, Aa tl^ nodes of 
all the I lanetary brbits have a. retrograde motion afong'j|^' ^liptic. 
the radical place of node^ its position at any part^lar fnne, 
must first be ascertained ; .addXf^ retrograde motion berfig ii;fiown,we 
can obtain the longitude of node at any limey apd oo^qiieutly 
the distance of the planet, ftom^ the node. When the distance fiou^ 
the node is 0, the latitude will b^^ noibing; the 

from the node m a iir 9.aigniy^,J^ alab a 

maximum, or equal to the in^tjUtion of to 

ecliptic. 

The places of the primary ptaneto cbmpi^^ in ^ 
is here described, are 

places as seen from the Ims qftiihe 
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its place as seen from tbs may be readily bv the ao 
lution of a triangle* iformed by liii'^s joining the sun and planet, tbe 
sun and earth, and thA^ planet and'^lhe earth. The anj^ at the kiiii 
is e((nal to the dUTerehce between the heliocentric lotigiiude of the 
earth and the. planet Oiie of the sides of the triangle is equal to the 
distance of the earth from the sun, and tlie other is equal to the dis- 
tance of the planet from the sun ; so that from these daia^ tlie angle 
formed at the snii, or th^ diderence between tbe geocentric place of 
the Sun, and the geocentric place of the plaiiet,. may be easily ob«< 
tatned ; or We may obtain tbe angle formed at the planet, which is 
the dtfterenco between its heliocentric and geocentric place. 


On the Ckanget that hav^ happened in the relative utuatum of 
Double Stars, 

The late Sir W. Uerscliel remarks, that the affections of the 
newly-discovered celestial bodies extend our knowledge of the con- 
struction of the solar system, which is the one best known to us ; and 
proceeds to support, by the (ivldetice of olrservation* the Opinion, 
which lie has before advanced, of the existence of binary sidereal 
combinations, revolving round the common centre of gravity. Dr. 
Hcrschel first considers the apparent effect of tbe motion of cither of 
the three bodies concerned, the two. siais, and the sun with its at- 
tendant planets ; and then states the arguments respecling the mo- 
tions of a few only out of the fifty double stars, of which be has as* 
certaiued the revolutions. The first example is Castor, or 
tieroinoroin : here Dr. lierschel stops to show how accurately the 
apparent diameter of a star, viewed with a constant magnifying 
power, may be asi^umed as a measure of small angular distanc^;s; he 
loniidihat ten diflSerent mirrors, of seven feet focal length, exhibited 
no perceptible difference in this respect. In Ihe case of Castor, no 
change of die distance of tbe stgrs has been observed, but ilieir an- 
gular situation appears to have varied somewhat more than 45^ since 
it was observed by Dr. Bradley in 1759; and they have been found 
by. Dr. Herschel in intermediate posimms at intermedraie times. Dr. 
Herschei allows that it is barely possibtd that a separate proper mo- 
tion, in each of die stars and in the sun, may , have caused such a 
change in the relative situation, but diiit ,th^\;prbHbiltty is very deci- 
dedly in favour of the existence of Ul’evfdutton. Its period roust be 
a little more than 34^ years* and itd^'jptaue perfFendicutar to 
the dir^tioh of the sun. revoiude^ of Gamma JUmu is sup- 
ped in a pUne cqniddefably^m«&^d;,,to the line in which we 
;;pevr .and he performed in ateliit jt^.^ears. Both tliese reyo- 
; mlooa are retrograde $ that oi jjSpmiba/Bbdus is direct, and is sap* 
posed io occupy Idfii years* being in an oblfqj^"posUi<m 

v^b reqpiojH to the sun, Heri^ulis, Dr. Herschel otmemd, 

of an 5 >ccttliauon of the small Otar by the 
% se^ thj^ Ibeptane of tlie rc- 
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that can at present be determined respecting it The stars of Delta 
•Serpen tis appear to perform a retnigradu irevolution in about R75 
years: their apparent distance is invariable, as well as that of the 
two stars which constitute Gamma Virginis, the last dbuble star 
which Dr. Hcrscliel mentions in this paper, and to which he attri* 
butes a periodical revolution of about 70H yeafs. 


On ihe great Corona, or Circles which, sometimes mrromd ike Sem 

and Moon. 

As it may be satisfactory to some of our readers to know the 
opinion of so celebrated a Meteorologist as Mariotte on the cause of 
the circular ring which sometimes appears round the sun and moon, 
we shall present them with the following extract from his work on 
Colours : 

Sometimes, when the air is pretty serene, a circle of about 45^ 
diameter is seen round the sun of moon ; the colours are not in ge*" 
neral very lively, the blue is without, and the red within ; thei^ 
breadth is nearly as in the common external rainbow. 

Explanation. 1 take for the cause of this appearance small 
hlanieiits of snow, moderately transparent, having the form of an 
ec|ijilateial triangular prism. 1 conjecture that the smaH flat flakes 
of snow which fall during a hard frost, and which have the figure of 
stars, are comfiosed of little filaments like equilateral prisms, parti- 
culaiiy those which are like fern leaves, as is easily seen by the mi- 
croscope. 1 have often looked at the filaments which compose the 
hoar frost, that appears like little trees or plants in the cold mornings 
of spring and autumn, and I have found them out into three equal 
facets ; and when viewed in the sunshine, they exhibited rainbow 
colours. Now it is very propabie that, before these little figures of 
trees or stars ar^ formed, there are floating among the thin vapours 
in the air some of these separate prisms, which, when they unite, 
form the compound figures. These little stars are very thin, and 
very light, and the litde filaments, which compose them, are still 
more so, and may often be, supported a long time in tbe nir hy the 
winds : hence when the air is moderately; filled with them, so as not 
to be much darkened, many of them, whether separate or united, will 
turn ill every direction as the air impels them, and will be disposed 
to transmit to the eye for soiae time a coloured light, nearly like to 
that which would be produced by equilateral prisms of giass.^ 


Oa Me^ofie Stones. 

It had long been Conjectured Jby ' several (T^on^s in this coim^^ 
that the stones said to have fallen from the air, oh different phrts of 
^e earth, and lately analysed by Mr.^ Howard, might originally haye 
%n emitted by lunar volcanos facilig (he eafth; and mebtmg with , 
itUe or no resistance the moon’s e^oSphere^ risen; 

to such a height, as to be more powerfully attracti^d by the earth thait 
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by tbe moon, and, of consequence, to be compelled to continue their 
course, until tliey arrived at the confines of oor atmosphere, and woie 
again retarded by its resistance* 

The idea has been Intel) renewed i,n France by Laplace; and the 
inflammation and combustion of tbe stones has been attributed to tlio 
intense heat which must necessarily be oxtucuted by so great a com- 
pression of the aii« as would be prinluccd by tlie velocity with which 
these bodies must enter the atmospheie. 

Mr. Biot has calculated, that an initial velocity, about five times 
as great as that which a cannon ball sometimes receiveb, would be 
sufficient for the projection of a body fiom a lunar volcano into the 
liriois of the earth’s btiperior attraction, which are situated at nearly 
one-iiintli of the distance of the earth from the moon. 

A body, entering the atmosphere with f>uch a velocity, would soon 
e\|>erieiice a resistance many thousand times greater than its weight, 
and the velocity would therefoie soon be very considerably les*uned« 
It may easily be shown, tliat a stone of moderate dimensions could 
scarcely letam a velocity of above 200 feet in a second. WtUi re- 
spect, however, to the actual probability of the stones in question 
having been projected from the volcanos of tlie moon, there will, per- 
haps, long be a diversity of opinion ; and, m the absence of all ac 
curate knowledge on the subject, it would, pethaps, be unphiloso- 
phical to attempt to establish any theory lespecting their ongiii. 


Upm th^ Preekion to be aifuinetl with iihmomical Iiutrumentt. 

Mr. Amici, in a letter addressed to Baron Zacb, affirm^, that, on 
a ciicle of ieci, one cannot, evin with the aid of a v^mier and 
simple microscope, discern two or three seconds, even though the 
instiunieiit be mathematically divided with tbe ntmost precision.— 
“ To prove this,” says he, •• I draw uirnn^ sheet of white paper 
two thick vertical lines ot tnch, tii such’ a manner, that the 
light side of one is parallel with the left of the other. Thvse two 
liiieb may be considered as belonging, one to the hinb of the instru- 
ment, and tbe other to the vermer. 1 place ibis pkpei m a vi ry 
strong light, and 1 raise niyself perpendicularly from it to the dis- 
tance of 28 feet ; I look at these lines with one eye, and 1 boo them 
onited as though there Were but one line. Here then is the uimost 
extent of my sight, at which 1 judge the lines to be joined, although 
in reality there is a distance equal to tiieir own leug& between them. 
1'bis limit expressed by the Angle formed by tlie object m the eye d 
the observer answers to hi neoemds ; but in a circle of 3 lect in din 
meter, tbe arc of a second occupies (HK>1 of a line; and this are 
forms in the eye of an observer, fomisbed with a simple micro^ns, 
ct an inch focos, an angle of 17 seconds, eonsequenjdy lovisibh 
to me.*" 

Mr, Amici closes his letter by remarkfo|, that lo astomshment 
ought to be excited at the inaccuracies to which the most experienced 
astronomi^rs afo subject, making a diflTerenoe of from I to 6 seconds 
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it dtti^ attention be paid to th« errevrs v» hieh Are likely to result from 
the optical parallax tween the diribioiis ot the licub and thobe ot 
the vemier, the inequalities of the lines which fonu thosi divisions 
tendering their union equivocal and doubtful , the reflexion of tlie 
glasses; the unequal expansion of the metal ; and the irregularity of 
the mtjuce or itvttls. 


Upon the apparent Sm of ObfecU caused by the Eefraehon of Light 

tn passing through the Atnwsphcrc. By J BAN MtLE, Professor of 

Physiology. 

The author, iti s letter addressed to Mr. J. C $^krodzki, Professor 
of Physic at V(irso\ie, recalls to his recollection, that, after hating 
gone through the explanation of this will-known phenonjenon, they 
were mutually convinced of their insufficiency. Me therefore pro 
poses an expLnatioii founded upon the refraction of light, winch 
enables us to peiceivc objects situated beyond the limits of our at- 
mosphere. Inis reftaciion not only enables us to see objects in a 
situation different from their real position, but it also changeh their 
leal 81/e. This latter effect rcstnibles the toriin r in this, that the 
nearer the objects are to the iioii/on, the create r is their appuinit 
sue; or, what amounts to the same thiug, the grt-ater their aistaiioe 
from the zeniths so in proportion is tlietr size The rii\ s of light whu h 
traverse the air through a denser medium than itself, tt iminated 
plane orparallil surfaces, follow, in issuing from the lattei, a dine- 
aon parmlol to their incidence. But it has been falselv concluded 
m this case, that the objet t is seen under the same angle as though 
the lays had only passed through one medium. The author afloids 
us eight succebsive theorems, which he links with each other, and 
the lost of which explains the phenomenon of the ajqmrent size of 
objoetb. 

Theorem 1st. — An object and the observer being situated m the air, 
should the visual rays which pa^s from the one to the other tra\erbe 
an intermediate medium, terminated by plane surfaces, tho visual 
angle will become greater. 

lie gives a demonstration pf this upon mathematical piincipbs, 
which would be too long to be msertea here. The following expe- 
riment, however, will render his axiom perfectly comprehensible. 
Procure a tin tube, three inches in diameter, and a yard in length, 
t'le two ends of which must be dosed with plain glass. The tube is 
then to be placed m a horizontal positioHi and baif’StM with spiiits 
of wine, that is to say, to Us cei^at axis; and if an ol^t then be 
viewed through the tube* that half of the object wbkb |s seen through 
the medium of the sninta of wine w ill appear to he mneb larger than 
the halt seen through the gir alone. In gemi^# ^e degree of 
mentation is in a direct ratio to the depth m the reHracting medHua* 
and consequently depends intius mstnnee upon IN inngtb ^ tbahiN. 

Iheorem 2d.— The Tisual angle wiB netar phiusge, sp long na iN 
rays froi^the snrikees are sfdiericaii and dioic nudii vritf N reqimo* 
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tively equal to the ihstanre of the eye to each of them ; in fact, the 
eve being situate at the centre of the curves which teruimate the mc- 
diufn, the visual tay^ proceeding in the same diiecihm will not he 
sub|eci to the slightest deviation. The obje&t ibiii w ill nceii under 
the same angle. This mav be proved by the tollowinu oxpeninetit. 
A conical hha| td tube ot Uti may be half iitled with spinth of wine, 
as inintiuDed above, and each end enclo*^ed with watch glasses of 
diftcrent dhimetgra, and then plaeiiig the eye in the direct centie of 
the two spheiical surfaces tu ilie front of the tube. 

Theorem dd.<^The visual angle wilt become smaller when the radii 
from the surfaces are spherical, aucl are renpicuvely smaller accoidx 
ing to the distances ot the e) e iVoin them. I'his may be easily pi o veil 
by the ahovc^ntenlioned apparatus, by placing t||W vyi at a griMiter 
disiance fiooi the centiai point ot the lei minatioii in the two sphrricnl 
surfaces. 

Tliioiem 4th — fs the conveise of the preceding one; that is to 
say, the visual angle i^ gioatri when the radii from the siirtace.s^ 
an '^phci teal, which urininate die idracting medium, and are respec^ 
fivtly greater than the distance Ik tween the eye and each of them. 
1'hi^ js also to be \ (ivod by the lHf4»rG*miniioDed apparatus, by 
phiciiig tht e>e at a iiss distance troni Hie tube than that between Its 
centre and the tcniiination of its i«pherica1 sort ues. 

should the medium m which the eye is situated be 
ot gieatir deositj, the uiiaction will occasion phenomena directly 
the contrary. This is Uie case with tlie ohji cts placed beyond the 
limits of our atmosphere. 

Theorem 6th.-— The surfaces ol the rifractmg medium being sphe- 
rical, and thiir ladn be itu equal to the distance ot the eye trom cm h 
of them, the vusual angle wdt not bo changed. This would be the 
case were the eye situated at the centre of the earth, whitli is physi 
callv iinposs*ble. 

liieo/em dth. — If the distance of the eye be greater tlian the radius 
of fhe surface of the retracting mediuin, the visual angle will become 
greaUr, This would be the case weie an observer situated in such a 
manner that the centre of the earth intervened between him and the 
ceh stial bodies, which h physically impossible. 

TItooiem 7di. — If the distance or the eye be less than the radius of 
the rcfiactiiig surfaces, tlie visual angle would be less. This is what 
always taki s place, at te ist, when we look at the celestial bodies 

Theorem 8th. — Althouab the heateidy bodies ought to appiar 
much amailer when seen from the aiirface of the eaith, owing to fhe 
reliction of tight, atilt the degree of diminutiQii of the visual angle 
ifej^nds wpon the greater or leils oateiit of tlie refraeting medium, 
tlM ie, the atmosf^ere ; — ^the dumnntiofi of the visual angle, there- 
foTp, IS iesa acoordmg as these limits are moie extended. Hence it 
rOrStt^i (hat the heavenly biidies a|iphar to ns so turn h the larger, tn 
paopmmon aa the itu liui of tk^ atmoi^re are extended. These bo- 
dies, 'wtU bierease m 4ue m proportion to ihe merOase of 

^ir dSathilte ftm ; for the ooarer diey at^nech the 

liotiaMHif thd i^pdre*eateiiaiire are the timus of the atmontmere^ diouj^h 
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the observer roust behold them when he is situated upon the surface 
of the earth. We, may hence perceive the reasons why, when the 
sun is invisible, the densest clouds appear to be at the horrson ; why 
the clouds which are driven by the wind towards the zenith decrease 
in magnitude the higher they rise why, wlien the sun is momentarily 
hi<i by the clouds, the rays appear to accumulate at the fioint where 
he is situated, although, in reality, tliey are parallel to one another. 
The explanation of the beautiful phenomenon of tlie Aurora Borealis 
is capable also of receiving a slight modification. 


Up(m the Meteors which play round the Earth. 

Professor MlifNECKE, in a paper read to the Society of Natural 
History at Halle, in Germany, proves, in various ways, the existence 
of an inferior or subterrestial atmosphere, lie considers himself borne 
out by reasons, which he alleges to conclude with certainty, that an at- 
mosphere which can nenetrate to the depth of 20 geographical miles 
is already compressea at a less depth, to a degree at which, without 
being liquid, forms a fluid equivalent to w'ater. Hence there results 
to the interior parts of the earth an atmosphere, in comparison with 
which the common atmosphere will appear to be of a very light de- 
scription, which, as is known, is equal to a column of water 80 feet 
high, or thereabouts. 

It is to this mass of interior air, which pervades the pores of fos- 
sils, exists in the cavities and abysses of the earth, and forms like- 
wise a portion of the elementary parts of fossils, that Professor 
Meinecke attributes the greater part of meteors; while the mass of 
light air universally disseminated in the form of a vapour, and which 
is called atmosphere, contributes but in a very small degree to tfieir 
appearance. As he attributes the barometrical phenomena to the 
subterrestial utmospliera, he denies at the same Ume the influence of 
the moon upon the weather.. 

On the Change of. ihe Placejf ^ Fixed 

Ir appears from a paper by Jtr. Pond, Astronomer Royal, lately . 
read betore the Royal Soctejiy, that he thinks that his observations ^ 
lead to the conchiHion that Soimt variation, either continued or peri- 
odical, takes place in the siderial system,, which, producing btii yery 
small deviations in a finite ; *pdrtion of *tiaie> hitherto .^^aped 

notice. The nature of this motioii appeair^ Ip that the stars 

are now mostly found a coim^rable iquantity of 

their computed places. lo ikk which, 

motions are governed, Mr. t^ono ndmfm lba;t:iys oteeiral^a W 
not sufficiently exact to light u^nthe sul^eCt ^ 
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AUrouomical Telescopy, 

Tke Asti'onomical Telescope which was inyeuteil hy Kepler is 
represented by the followin|;r figure. 



It consists of two convex glassCvS placed in a tube; the one next 
the object is called the object-glass, and the one next the eye* as 
B E, the eye-glass, which is always of a much less focal lengUi than 
the object-glass. The focal lengtli ^of the object-glass is a little 
greater than the tube into which it is screwed, and the eye-glass is 
fixed into a small tube, which can be moved out and in at the otlier 
extremity of the Jonger tube. When such an instrument is directed 
to a distant object, and distinct vision obtained by adjusting tiie 
tube containing the eye-glass, the magnified object is formed by the 
rays A BC and D EC, which come from the extremities of the visi- 
ble field through the middle of the object-glass, and produce an in- 
verted image nearly in the principal focus of the eye-glass, through 
which this image is viewed as by a simple microscope, and therefore 
still remains apparently inverted. This, however is not considered a 
disadvantage by astronomers, and therefore it has received the name 
of the iisiratt<»nical tekscope. 

In order to find ihe"^ magnifying power, we^must divide the focal 
length of the object-glass by that of the eye-gla^s: this quotient is 
consequently the greater as the focal length.of the object-glass is 
greater, and as that df the eye-glass Is smaller ; but the power of the 
instrument cannot be increased at pleasure by lessening the focal 
length of the eye-glass, because the object-glass would not furnish 
light enough to rend^ir the view distinct, if the magnifying power 
were too great. 

OalUean 7Wetc4^* 

Tlie G^ite^n Telescope received its name from its having been 
first used by Galileo, and differs ia no respect from the astronomical 
telescope, excepting in the substitution a ooncave eye-glass in 
place of a convex eye-glass. This eye-glass is placed between the 
object-gilass and its principal focus, and receives tlic converging rays 
before ilhey forin , the image. 

l%e fnaffin^itig power of this telescope will be equal to the focal 
length orm divided by that of the eye-glas^* for the 

eaf^eiiie ^ncile which were formeny made to converge, are now 
made to diverge,^ , 

N .. 
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GALILEAN TELESCOPE^ 


This telescope possesses some advantages, over the astronomical 
telescope, .let It has the same magnifying power under a 
shorter tengih» the length of the telescope being equal to the dif- 
ference of the focal len^hs of the object-glass and the eye-glass, 
whereas in the astronomical telescope it is equal to their sum. 2d. 
It gives us an erect view of the object without using three eye- 
glasses, which must occasion a great loss of light, even if the lenses 
are ground to a perfect figure, dd. There is less abso.^dion of 
light, in consequence of the ra^^s passing through a less thickness of 
eye-glass ; and 4th, the vision is much more perfect ; a circumstance 
which no doubt arises from the rays never coming to a positive focus, 
and never crossing one another in a condensed state during the whole 
of their progress through the instrument. Tor it cannot be doubted 
that the rays of light, notwithstanding their extreme tenuity, interfere 
with one another, and produce an indistinctness of vision. 

The disadvantages of the Galilean telescope arise solely from its 
limited field of view since the lateral pencils now diverge fromHhe axis 
of the lenses, the field of view depends solely on the diameter of the 
pupil of the eye, and as this cannot be increased at pleasure, there 
are no means of remedying this evil in the Galilean teiesco|»c. 

The imperfections of the common refracting telescope with a single 
object-glass, are so great, that in order to obtain a high magnifying 
power, it is necessary to use object glasses of a great focaf length, 
such as those of Huygens, some of which were not less than 24 feet 
to len^h.* 

It follows from the theoiy of aberration, arising from the spherical 
figure of the surface, that tlie apparent indistinctness of a given 
object seen through a refracting telescope, is directly as the area of 
the object-glass, and inversely as the square of the focal distance of 
the eye-glass. In like manner, it may be shown, that the apparent 
brightness of a given object is directly as the square of the lineal 
aperture of the object-glass, and inversely as the square of its raag» 
nifying power. Hence, it follows, that in refracting telescopes of 
different lengths, a given object will appear equally bright, and 
equally distinct, when their linear apertures, and the focal distances 
of the eye-glasses, are as the square roots of the focal distances of 
their object-glasses, and consequently tlieir magnifying powers will 
be as the square roots of the focal distances of the object-glssses. 

Upon these principles, we may compute the focal distance of Ihe 
eye-glasses suited to object-glMses oi different focal lengths, pro- 
vided we have once ascertained by experiment the highest magoify- 
!ng power that an object-glasa of a given fecal length will bear with 
perfect distinctness. One of Huygen^s best telescopes, 30 feet long, 
had an aperture of three inches, wife an eye-glass three inches and 
three- tenths in focal length; and from this ielesccpc, as a iitandard, 
the editors of his Dioptnes conmuted fee table given in p. 211 of 
that work, and reprinted by Dr. Smith in. the 143th page , of the first 

* This excellent astronomer while in JSnglaed presented the Royal Society 
with two object-glasses, one of which had length of 120, and the othei of 
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vol lime (if Ills Optics. It appears* tiowcTer* ftpm the A strciscopia Com* 
pondiari of Huyg^ons* that he possessed a telescope superior even to 
this, whose object-glass M feet in focal length, and which had a 
magnifying power of 163 times* with an eye-glass of ‘2i Inches focal 
length. ' 

In order to render the common refracting telescope aa perfect as 
possible* without making it ac^hromatic* Uie spherical aberration 
should be reduced by grinding the exterior surface of the object-glass 
to a radius equal to Jive-nintks of its focal length, and the interior 
surface to a radius eq^ual to five times its focal length. In the eye- 
glasses, the radius oi the surface next the object should be nine 
times its focal length, and that of the surface oext the eye, three- 
fifths of the same distance. 

When the object to which the telescope is directed is luminous, 
such as the Sun, and Jupiter, and Venus, when they are near the 
earth, considerable advantage may be derived from the use of rej or 
green eye-glasses; or, if the telescope is large, from the interposition 
of plane pieces of green and red glass. 


On Meteors, or FaUing Stars, 

Tursk bodies appear lo be of different magnitudes, and even of 
various forms, though this last circumstance may perhaps be the 
effect of optical deception. In general they seem to be globular, 
continuing yisible only for a few seconds, and moving with great ve- 
locity. Their course is on some occasions in a straight line, and oii 
others curvilineal, rendered more distinct by the tail orliimiuoiis train 
which they leave behind them ; and before disappearing they are 
sornetinneH separated into several smaller bodies, accompanied with 
an explosion resembling thunder, more or leHs Joud according to 
their magnitude or distance. It was long supposed, and has now 
been proved by the most incontrovertible evidence, that these explo- 
sions are followed by a shower of solid bodies of a stony or metallic 
substance, some of which have appeared luminouseven in their descent 
after the explosion, and have been taken up before they had time to 
cool. This last phen' menon, indeed, is of comparatively rare oc- 
currence. Thousands of small meteors, as various in magnitude and 
brilliancy as the fixed stars, have been seen in all seasons, and in 
almost every variety . of weather, uoaccompanied either with explo- 
sions, or the deposition of solid substances; nor is it certain that 
even the larger and more luminous meteors, such as that of 1783, 
described by Cavallo,or one in 1811,, an account of which was given 
by Professor Pictet in the Bih(wth&qvm JBfitannique for May, 1811* 
are always followed by a fall of me^orie stones. On the other hand, 
these stones have sometimes bem observed to fgll after a loud detbaa- 
tion, when no meteor was visible* though this may perhaps be ac- 
counted for, from , its having been obscured either oy the superior 
Ugfat of the sun, or the intervention of clouds. But however tUs 

N 2 
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may be, the appearance of large meteors^ and the fall of meteoric 
stones, or, as they have very improperly been called, aeroliths, are 
pht'iiofiiena that appear to be closely connected, and this is almost 
all that is known a|K)ii the subject. Whether they are all of the 
same origin, but varying in appearance, hi consequence either of 
their different distances, or of some peculiar state of the atmosphere, 
or whether they are essentially different in their nature, are questions 
to which, in the present state of inciereologicar science, no answer 
can he given. As prognostics of the wealhei, they have in general 
be(‘n supposed to predict wind, as appears from various' passages in 
ancient authors ; and it is also commonly believed, that the wind 
which follows w'ill blow from the point of the compass towanls 
which the meteor is observed to move. One at least of the various ^ 
hypotheses which have been proposed to account for the>e pheno- 
mena is interesting, inasmuch as it appears to explain, in certain 
cases, the connection between the motion of the meteor and the di- 
rection of the wind. 

The hypothesis to which we allude, is that whi h ascribes meteors 
to certain vapours arising from the earth, and becoming ignited in the 
higher regions of the atmosphere. The origin of this opinion may 
be traced to Aristotle; but from the discoveries in chemistry, of 
whicli that author was in a great measure ignorant, it has assumed, 
in the hands of the modern philosopher, a moretlefimte form. Halley, 
and after him De Luc, has endeavoured, on this principle, to account 
for some at least of the circumstances attending the appearance of 
luminous meteors. The latter supposes flmt fulling stars proceed 
from a phosphoric fluid, ascending from some spot of the surface of 
the earth, which becomes visible only when, by decomposition in the 
higher regions, it takes fire, and light is disengaged, if such a fluid 
can bo supposed to rise in a continued column, without mixing with 
the atiuosphoro, or beio^ dispersed by wind, there is no difficulty in 
conceiving how it may produce the appearance of a falling star. 
Wliei) the upper extremity of the column has reached such a height 
as to be in a great measure above the region of the clouds and mois- 
ture, it may, from the dryness of the air, take fire spontaneously, as 
phosphorus is known to do when exposed to the atmosphere in its 
ordinary state ; and ignition bnvingohee commenced, it may be com- 
municated backward to successive portions of tlie column, till it ar- 
rives at a portion of the atmosphere sufficiently moist %a extinguish 
it, or at the same point wdicre the column itself has been broken and 
separated* In these circumstances, it is pbvious that, the appearance 
would be precisely that of afallthg star; andMr.'Fjorster has'mue- 
niously applied the hypothesis to] account for the apparent relation . 
between such phenomena aiid/i^'^ gates, of wind. It has 
been long known that different,' and even opposite currents cl windi 
may exist at different heights in the fUmbspheire at the same time : 
and the author just referred to, has foiind, from various experiments 
and ob$;ervattons, that when the Wthd Ibe surface df .tbe caitir 
changes, it frequently blows from point from which the 

current above had previously blown. He Observes, dieiefore, that 
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De Luc’s hypothesis, though he is far ftoip embracing it as sotisLc- 
tory, win sufficiently uccouut for the •elatiou above stated, by su||- 
posiug that the column of pliosphoric Jluid is bent, previous to igni- 
tion, in the direction of the up^r .cjirrent ; so that, when ignition 
coramenees, the luminous hotly moves towards the point from wh.ch 
that current, then proceeds, and from which tlie lower enrrent is 
afterwards to blow. It is a prognostication of win.l, then, only in so 
far as it indicates a change that has already commenced in the higher 
regions of the atmosphere. Lut Which has not yet taken place near 
the surface of the earth. 


On Predietiutf the Weather. 

From a very great number of meteorological observations, made 
ill England between the years 1077 and 17B9, Mr. Kirwan has dit- 
4 luced the followuig probable conjectures of the weather : — 

' 1. That when there has been no storm before or after the vernal 
equinox, the ensuing summer is generally dry, at least five times 
in six. 

2. That wlien a storm happens from any easterly point, either 
on the l!»th, 20th, or2l8t of March, the succeeding summer is gene- 
rally dry, four times in five, 

3. That when a storm arises on the 25th, 2Gth, or 27th of March, 
and not before, in any point, the succeeding summer is genemlly dry, 
four times in live. 

4. If there be a storm at S.W., or W-S-W., on tlie I9th, 20th, 

21st, or 22d of March, the succeeding summer is generally wet, four 
times m five. , 

To the above we shall add the following observations from the 
Encyclopedia Britannica. 

1. A moist- antuma, with a mild winter, is generally followed by 
a cold and dry s^ng, which greatly- retards vegetation. 

2. If the summer be remarkably rtuny, it is probable tbut the 
ensuing winter will be severe; frtSf the unusual evaporation will have 
carried off tlie heat of the enrUt. Vfet summers arc generally at- 
tended with an unusual quantity Cf seed on the white thorn and dog- 
rose bushes. Hence the unusuM fruiffulness of these shrubs is a 

sign of a severe winter. 

3. The appearance of craues, aiid birds of passage, early in au- 
tumn, announces a very severe winter; for it is a sign that it has 
giready begun in the northern countries. 

.*;• 4^ When it rains plenlifiilly in May, it will rain but Ultie in Sep- 
■■ .emb^, and vice veifsa. 
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6. When the wind is S.W. during summer or autumn, and the 
temperature of the air unusually cold for the season, both to the 
feeling and the thermometer, with a low barometer, much rain is to 
be expected. 

6. Violent temperatures, as storms or great rains, produce a sort of 
crisis in the atmosphere, which produces a constant temperature, 
good or bad, for some mouths. 

7. A rainy winter predicts a sterile year; a severe autumn aiH 
Douiiccs a windy winter. 


On the Comtruclion of the Heavene^ by tiui hie Sir W, HerschcL 

* In a paper on this subject read before the Royal Society, Sir 
W. Herschel enumerates a great diversity of parts that enter into the 
construction of the heavens. I'he first species are insulated slurs ; 
as such the author considers our sun, and all the brightest stars, 
which he supposes nearly out of the reach of mutual gravitation; for, 
stating the annual parallax of Sirius at V\ he calculates that Sirius 
und the sun, if loft alone, would be 3d millions of years in falling 
together ; and that the action of the stars of the milky way, as well 
as others, would tend to protract this time much more, ilerschel 
conjectures that insulated stars alone are surrounded by planets. 
The next are binary sidereal systems, or double stars ; from the 
great number of these which are visible in diderent parts of the 
heavens, and the frequent apparent equality of the two stars, 
Herschel calculates the very great improbability, that Uiey should 
be at distances from each other at all comparable to those of the 
insiilati^d stars : hence he infers, that tliey must be subjected to mu- 
tual gravitation, and can only preserve their relative distances by a 
periodical revolution round a common centre. In confirmation of 
this inference, he states that inauy double stars have actually changed 
their situation in a progressive course, the motion of^some. being 
direct, anil of others retrograde. The proper motioA of plfr does 
not appear to be of this kind, but to oe rather the eftect :^f some 
perturbations in the neighbouring systems. The same theory is next 
applied to triple, quadruple, and multiple systems of stars, and par- 
ticular hypothetical cases are explained diagrams, ^me such 
cases, Herschel is fully persuaded, have a real existence in 
nature. The fourth species consists of clustering stars, and of the 
milky way ; the stars thus disposed constitute masses, which appear 
brighter in the middle, and fainter towards the extremities, being 
perhaps collected in a spherical form. Groups of stars the author 
distinguishes from these by a want of apparent coudensadon about a 
centre of attraction : and clusters of siars> by,a much more complete 
compression near such a centre, so hi ip exhibit a mottled lustre, 
almost resembling a nucleus, llie eighth species consists of nebulm, 
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which probably diflfcr from the three last species only in being much 
more remote; some of them, Herscbel calculates, must l>e at so 
great a distance, that the rays of light must have been nearly two 
tnillioiis of years in travelling from them to our system. p»e stellar 
iiebulve, or stars with burs, form a distinct species. A milky nebu- 
losity is next mentioned, which may in some cases resemble other 
nebtilm, but in others appear to be oiffused, olinust like a fluid : the 
author is not inclined to consider it as either resembling the zodiacal 
light of the sun, or of a phosphorescent nature. The tenth species is 
denominated nebulous stars ; these are stars surrounded with a 
nebulosity like an atmosphere, of which the magnitude must be 
amazingly great ; for tbe iipparent diameter of one of them, described 
in the catalogue, was 3'. The pliinetary nebulm are distinguished by 
their ei|uab1e brightness, and circular form, while their light is still 
too faint to be produced by a single luminary of great dimensions. 
When.tlitjy have bright central points, Uerschel considers them 
as fonning a iweiftli species, and supposes them to be allied to the 
nebulous stars, wbioli might approach to their nature, if their 
iijuiiiioiis atmospheres were very much condensed round the 
nucleus. 


On the U$e of itw Tekscopc^ 

The late Sir W. llerschel has remarked, that, ** In order to see 
well with telescopes, it is required that the temperature of Uie 
atinosjdiere and minor should be iiiiiibrm, and the air fraught witli 
moisture.^’ Thus a fiost afwr a thaw, or a thaw after a frost, will 
impair tbe pet faction of tW focus : a telescope brought out of a waim 
room into a cold air, or even directed through an aperture of any 
kind, acts but imfierfectly : Windy weather is imf^^'^ttrable to dis- 
tinct visiofi, from a mixture of air of diiferent Uauj^teratures ; au 
uiiiora borealis sometintes aflbets tbe distinctness ot the view, as 
well as the air ascending from the warm roof of a house : dampness 
fogs, and the neighbourhood of moisture, are very favcnirable to dis- 
tinct vision with telescopes, except when a fog is so opaque as 
totally to intercept it. Sir W. Herscbel remarks, that some oi these 
obstacles are insuperable ; but that tbe effect of heat may sometimes 
be remedied by the application of a heated body near the opposite 
surface of the mirror. 

Sir W. also observes, that tbe central part of a mirror produces a 
greal^r aberration in the image of a nxed star than the whole 
mirror, and the whole mirror a greater aberration than an annular 
portirm remote from the centre : and that (his is true of all good 
mirrorai.* 


* Some additioDal and Useful remarks on tbe nature and application of the 

H;.^5cupe, by tbe same autbor, will be found at page SI of this work. 
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TABJ^ I, 

Kfotn AsciiNftioNs andDECLiHArioNsufthePRiNciPAi. Fixfu Stars, adapted to 
the Beginning of the Year 18^4. 


Naifiea of the 6an. 


y Pogasua 
a i’hurniz 
B Cetua 
B Andromeda 
a Eridaous 
a Aries 
y Getus .. 
a Cetua 
6 Perseus 
a Perseus 


a 1 aurus 
a Auriga 
0 Orion .. 

0 I'aurus 
y Orion .. 
a Coluniba .. 
s Orion .. 
a Orion .. 
a Argo Navis 
a Cants Major 


Mircteli 

Acliernfir 

Arieiis 


LUbJlAKAN 

Capella 

Higel 


BtUfguese 

Cauojnm 

Sirius 


a Ursa Major Benstnach 
0 Centaurus 


y Draco .. 
tt Lyra 
a A<)uila .. 
a Pavo 

rt CygniiH ,, 
rf Cepheu* 
a (iJux .. 
i’isces Aust, 
Pegasus 
a Pegasus 
a Andromeda 


.. BadtAan 
.. Vtga 1 

AlTAtr 1’3 
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RKMARKS ON tHB MOOM. 17 

Remarks on different HypotJteses respecting the Motm, a9ul various Phe- 
nomena of that Planet, 

W£ make no apology for suhmittinff to our readers tlie subjoiiied 
extracts from a htiihly ingenious and iriteresliiig work, entitled 
Selenognostic Fragments, published by 3>. (jruithuLseu, 
whose nsime ranks deservedly high in tlid list of foreign astronomers. 

No body in the starry heavens, observes the Doctor, in bis intro- 
duction, excites more general interest than the faithful satellite of ihc 
earth : in fact, Its surface presents, even to the naked eye^, objects so 
varied, that it instantly inspires the spectator with a wish to in|;pcct 
this unknown world, with the aid of a powerful telescope. But what 
especially prompts us to study Ute physical propoi tiei and constitu- 
tion of the moon, is the expectation of discovering uii analogy com- 
moil to all the great bodies o( the universe, with respect to their or- 
ganization. This, he adds, is what has hitherto been the foundation 
of my celestial observations, being myself convinced that we shall 
never attain to any excellence in the study of geognosy, till we have 
discovered this analogy. It is with this iittenUon tlial the author lias 
surveyed, examined, and studied many chainsvof terrestrial moun- 
tains ; and it is with this view that he pfiblishes the panicular appear- 
ance!!, wiiich eight years observations have enabled him to loniark 
upon the surface id the moon. 

To render bin work more intelligible to his readers, the Doctor has 
inserted a lithographic general map of this planet: for which purpose 
be has consulted Mayer’s draught of the moon, and the special maps 
given by Schreeter in his Selenographic Fragments. Nor nas he neg- 
lected to" avail himself of bis own obsorvatioos. He likewise cites 
the lunar map of Lambert, and refers to a memoir of that philosophci 
in the tirst volume of the Berlin astronomical almanack. 

Amosphere of the Moon, Cassini, I^uv^e, Btaiicliiiti, CarlK)nc, 
Euler, krtiger, Boscovich, VUoa, Uuscjoui/ lYoif, and Halle, 
maintain the existence of a lunar atmosp^re; while Mayer, 
Grandjean de Pouchy, De Flsle, and De la Hire, deny it Without 
dwelling apon the reasons and observations which, before the inven- 
tion of aebromutio telescopes have been alleged on both sides of the 
questions, Doctor Gruithuisen eonfiiies himself to the direct proofs 
drawn from the discoveries of Sefarfoeter. The latter has calculated 
the elevation of the twilight by him in refloated observa- 

tions on the increasing moon. This elevation agrees in a surprising 
manner with the theorem of Me)ai^rhislin; namely, that on the sur- 
face of planets the density of tMratm^heres is in proportion to the 
equares of the weightof tte bodi^.^ !l1iis proportion bad been sug- 
gested to ^ewhon by that of tbe squaniMf of weights on the sur&ce of 
the moon, and the surface of- IhC oArtlu In fact, this tatter propoi - 
tion being as 1 to 28*40, almost equal to the result of Schro&ter, 
who found diat the lunar atmosphere is <08*94 times less dense than 
our own. Hevelius, Deluo, and many other philosophers, have 
. thought that the air on the surface of planets was only ether con- 
densed, and have considered ether, in its turn, as rarified uir. an 
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opinion, which, hi a tlieoretical point of view, confirms the theorem 
of Molanderhielni. 

attempt to combat this theory, adds our author, would have 
the effect of entaiig^ling us in a multitiule of inextricable difiiciillies ; 
for we must then aflirm that ether and air have no communication tOi- 
j;ether; that consequently they cannot mix, and that there is between 
them a kind of barrier, as if our earth was enclosed in a globe of hol- 
low glass : yet wo know that all gases mingle togethoi', which, 
moreovor, must happen from the pressure of our air upon ether, and, 
reciprocal iy, on account of the rapid motion of the eafth. It is to this 
pr( ssure that M. de Zach attributes the diurnal oscillations of the 
Imrojnetor, observed at the equator by Humboldt. We should like* 
wise be obliged to affirm, that as the air of planets is essentially dif- 
ferent from ether, there can be no affinity between them, and conse- 
quently that nobody can burn in ether for want of oxygen, a conclu** 
sion not warranted by observations, since shooting stars and meteors 
burn and shine at a height at which in general the presence of atmos- 
pheric air is not supposed. For example, in 1796, Schrmter saw, 
with his reflecting telescope of 20 ‘feet long, a shooting star, the 
h(‘ighi of which he estimated at more than four millions of miles. If 
then it he admitted that each body of the universe, by the influence 
of a weight proportioned to its bulk, forms out of ether, tlie atmos- 
(iliere by which it is surrounded, thmi the moon must also borrow 
from other its portion, which becomes condensed and forms its at- 
mosphere. The exislcfice of water in the lunar atmosphere can iiv, 
longer be questioned, for clouds have been seen upon its surface, as 
is proved by the almost innumerable observations of Schreeter, to 
whose work the Doctor refers for more extensive details. 

Organised Bchips in the Moon, It is a remarkable circumstance, 
observes M. (iruilliuisoti, that all those who only take what rosy be 
termed a cursory survey of the moon through a U lcscope, consider ii 
as a dc'.sort and globe, upon vi'bich nothing lives or grows : on the 
contrary, <illiors who have explored its surface for many years, speak 
of it, as if organised beings could not fail to exist there. 

Shraitcr conjectures the existence of a town towards the north of 
7Hnnus (a lunar spot), and the canals which are observable towanU 
hyyinvs (aiiotlu r stmt), and which, after disappearing in some places, 
are again perceived in others (a thing, scys Dr. G. of which 1 have 
convinced myself), appear to Him very advantageous for the com- 
meice of tluj Setenites: finally, he represents a pact of tlie spot uaiued 
?nare imbtium to be as fertile as Campania. 

I'he ancients supposed the moon to boinbabUed. Orpheus, Anax- 
agoras, Xenophon, and Pytliagoras»/are of this opmio|i. Their 
strength of reasoning compensaM, in thw instance, for their want of 
t^&opes: even IMutarch entertained the.jdiaa, that the ob^cuie 

on the moorr.s surface were seas, could not rofiect the 
bght of the sun. More rc^iitly, Kepibr, Duhamel, and many others 
liuve been of the same way of tliinkit^ respecting the. existence of 
the Selenites, Indeed, so general this sei^ttin^ been, that 
even the American savages havebdteved the mof^i to inhabited. 
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la latter times, some persons have considered the too great rare- 
faction of tlie air as an insuperable obstacle to peopling the muon. 
TVitliout doubt, says oiir author, this circumstauec would not fail to 
alarm more than one philo'^oplier of a delicate constitution, particu' 
larly w^hen he knows that neither raisins nor apricots are to be found 
even on the Cliiinbora90. Others, on the contrary, hav.e not forgotten 
that Mr, Guy-Lussac ascended, with his balloon, to a height greater 
by 20(K) feet than the of that luoiintain. So that an inhabitant 

of our globe, if placed in the lowest regions of the moon, might find 
himself very ill at his ease, but not so much so as to cause his 
death. 

While speaking of the inhabitants of thq moon, we may observe, 
that sonic theorists have ullirmed that no anitnatod beings could 
exist on tiiat planet, but such as were capable of eating stones, do- 
ing wdihout drink, iivinc: on a scanty suppl}' of air, and supporting 
the extremes of heat and cold. Tneso particulars, adds Mr. Gui- 
thuisen, may be considered as a .summing up of all the doubts that liavo 
arisen on the question whether the planets are habitable or not. He 
then discusses each of the.<»c points, lie thinks he can conHdently 
aHirm that llie moon luis vegetables and aniiualy^o servo for food to 
its iuhubitauts: he even goes so far as to inuroate some of their 
genera and species. Tii the absence of wine, he continues, the *SV- 
icnitps have water, so that tlu y possess the means of quenching their 
thirst. They are likewise ^up[died with air in more than stidicienl 
quantity, only that this air j.s extremely rarefied. If we admit of 
lakes and seas in the rnbon, why should they not contain shell ami 
other fish, and amphibious beings? And that man can accustom him- 
self to a iiighly rarefied atmosphere, has been shown by tlie aerial 
ascent of M. Guy-Iaissac, oJready referred to, According to Hum- 
boldt, the atmosphere supports a roltiiun of f|itick.silver of only 
twenty inches ato.fuito; of eighteen inches at Micuipampa, and of 
seventeen, inches in the latitude of Antisana, all inhabited places 
upon the earth, notwithstanding this rnrefactiors Lastly, the Sahn- 
ites can face the Cold and heat with the assislauce of fire, which they 
have the moans ot' procuring in the former ease ; and in tJhe latter, by 
means of the deep caverns, in who.se coolness tliey can obtain refuge 
from th«* heat. 

Wafers in the Moan. By these, says our author, I understand all 
the springs, rivers, lakes, and seas. After having collcrltd and 
discussed at great lengtH all the facts calculated to illuslrute the 
subject, he thinks he has a right to ask, w ho can now bring Ibrword 
any probable argument against the existence of lakes in the moon t 
But, he adds, lakes presuppose rtvm, or at least simple rivulets 
or springs, their existence k then sufficiently demonstrated. 

Of Lunar Structure. The Jii^rior structure of the moon is 
probably not different from that which is common to all the liodles of 
the universe; namely, concentric, beds formed by die accumulation of 
successive strata. 

Of the Ektfftiar Sitwiiwre or Conefitution. This consists properly in 



20 


OBSFRVATJONS OV THE FIXED STARS. 


the chains of mountains; the cairim*, the declivities and the acclni> 
ties aie immediate consequences of this disposition. 

We shall onty add a words relative to the litbographical map 
which Doctor Gruithiiiven has attached to his work, for the purpose 
of taciluatiiiR the discovery of the pointn, which he more particularly 
wishes to desianate upon the face of the moon. To accomplish thi«, 
he indicates Ihcir situation by their distance from two lines, which 
may be said to represent the equator and the first meridian oi the 
moon, which we consider to be a telioitous and useful imitation of 
terrestrial longitudes and latitudes. 


On PiofeK^or Sttupp*s OhsmnUom to deter mine the Parallax of the 
fixed Stars 

Op the vanous attempt to discover the parallax ot the h\ed stars, 
the obser\ations ot Proiessoi Struve must be regaidcd as among the 
best, and most judicious. 

Ills object IS, hy^eans of an excellent transit instrument fuiiiislied 
with seven Wires, tw determine the sum ot the parallaxes ot scicral 
Axed stars, difienng nearly 12 hours in right ascension fiom each other 

The tcsiihs which he obtains, seem to verify a remark made hy 
Mr. Pond, that in proportion as any improvement takes place either 
111 uur instruments or our processes, the resulting parallax becomes 
proportionally ic«»s. ^ 

Of tourteeii sets of opposite stars tlius compaied, Mr. Struve finds 
seven, which give the }idrallax ncuntive; tni^ circiimstancG alone 
should su<j;gest great caution in attributing to the effects of parallax 
the small positive ciuantities that are derived from the reinainiiig 
seven. Ml Struve however is inclined to assign OMO of space as 
the parallax of 5 Uis« Minoris, and 0*.45 for the sum of the paraU 
laxes of a Cigni, and« Ursse Majoris. Hts learned coadjutor, M. 
Walbeck, who, it appeals, has undertaken the calculations, is dis 
pose I to attiibute the greatest portion of this parallax to the smaller 
star ; a circumstance so improbable requires very strong evidence 
for its support. 

If we take the mean of the fourteen results as relating generally to 
stars from the 1st to the 4tli magnitude, it will appear that the mean 
sum of the parallaxes of two opposite starsil equal to 0* 036 of space, 
ei the parallax of a single star equal to 0\018. 

If any reliance can be placed on these observations, every at* 
tempt to determine the parathx of these stars lu declination must be 
entirely hopeless; since in this case we can only measure the shorter 
axis ot the Ellipse, and the uueertamty ot retraction must amount, at 
least, to twenty times the quantity We are in dbarch of. 
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On th£ Method' of Jhiertuhtiag ihe figure of the JEiarth bf the 
PetMum, 

The method of detennining the figure uf the earth by meana of the 
pendulum, depends upon llie variatic^ii of gravity at the earth's surface. 

This subtile and pervading power, tends to communicate to bodies 
exposed to its influence equd^ velocities in equal times. One of the 
modifications of this action isjhe oscillation of the pendulum, which 
is of longer or shorter duration, according to the energy of the attrac- 
tive force, and the square root of the length of the pendulum. If the 
earth were an exact sphere, destitute of the motion of rotation, and 
possessing the same density throughout its whole mass, tlie force of 
gravity, by w'hich bodies at its surface are drawn towards the centre, 
would" be uniform, and inviiriable in every latitude. But the elliptical 
form of the eardi destroys this uniformity, and causes the attractive 
fi»rce at the poles to preponderate over that at the equator. This 
inequality in the force, by which bodies at the surface of the oaith 
retain their positions, is augmented by the diurnal rotation, which, by 
centrifugal tendency, impresses ii greater disposition on bodies to 
recede from the centre of the earth at the e(|uati>T than at the (>oles, 
where its effects cease to be felt. By the joint operation of these 
two causes, one of which acts with a force proportional to the square 
of the sine of the latitude, a sensible difference ought to be observed 
in the velocity acquired by heavy bodies, in falling through the saruo 
space, as we a<lvance from t^e equator to the poles. An important 
relation between the time of the vibration of a pendulum, and that o 
the descent of a heavy body, according to which the Iciigtlis ot 
pendulums, vibrating ischrouously, are directly as the force of 
gravity^ enables us to submit this conclusion to the test of experi- 
ment. Newton long ago demonstrated, that if the earth were per- 
fectly homogeneous, the same fraction, viz. jJlo, would express both 
the compression of the terrestrial ellipsoid, and tlie increase of univity 
from the equator to the poles. This conclusion, which was deducrnl 
froDi the supposition of an uniform density, was afterwvirdH modified, 
with singular address, by Clairaut, wlio showed, that the two frac- 
tions expressing the compression, and the increase of grvity, though 
hot exactly equal, must always together amount to 4o- Assuming 
the compression, therefore, to be equal to,!^, the increase of gravity 
from the ei|uator to the poles, OTr l^e indication of that increase, as 
given by the length of the peiiduliim, should be or nearly, 

llic correctness of this conclusion, if not completely established, is, 
at least,, to a certain extent, confirmed, by Urn experiments which have 
been m^e with the pendulum in, latitudes. La Pbute having 

selected fifteen of the best of these obseiTations, and qqilted to them 
the necessary corrections, oh account cd the resistance of. the air, 
difl'erenoe of temperature, and elevation above the level of the sea, 
deduced the following resul^^ in which the length of the pendulum at 
Paris IS consider^ to be uhity. 
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The above results indicate obviously on increase of the force of 
^lavity from tlic etjuator towards the poles. La Place has shewn 
that, in wliali'vcr t^ay they arc combined, it is impossible to avoid an 
eiror of less than *0001tt, on the hypothesis of the variation of gravity 
at the surface of the eartli increasing as the st^iiares of the sines ot the 
latitinle fiom the equator to the noios. Tlie iKprcssion for the rlhpti- 
city, uiiich connects best the dinerent eipiations of condition, is 
u icsnlt which accords in a very remarkable manner with the com- 
pression deduced from the measures of the French mathematicians in 
JViiiice, and at the equator. 

It may be infeiTed from these experiments with the pendulum, that 
the compression of the earth is greater than is compaUble with the 
supposition of an uniform density. The same anomalies, too, which 
uie dibccniihlc in the measurement of a degree of the meridian, and 
which are undoubtedly owing to the dissimilar structure of the globe, 
may be traced in the results of these experiments. The beautiful pro- 
peity of the pendulum, first discovered by iluggens, that the centic of 
oscillation and tlie point of suspension, are interchangeable with each 
other, and which has been so happily applied by Captain Kater, to 
deti'rmiiie the length of the seconds'* pendulum, renders this meebani- 
cal contrivance infinitely better fitted to ascertain the true figure of 
the earth, than the complicated methods which were* formerly em* 
ployed for the same purpose. The facility with which the observations 
may be made, and the certainty of the results with whicb they are 
utteiulcd, may be expected to furnish much interesting information, 
not only with respect to the general form of the globe, but also With 
respect to its structure and composition in particular situations* 
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Tiui to be ADDPD to the Rioht AiCkNsiON of a Star, to find the Time of f«» 
pAbsific the Mlhidi^k on any day of the \iar 
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Water SpmU. 

Remarkable Water^spout in France in 1823. — In tlie arrondissemens 
of Drcux and of Mantes, about 3 o’clock of the 26th of August, 1823, 
a storm came on from the S.W., accompanied with a sudden and 
powerful heat A water> spout was seen li(‘>t far from the village of 
lloncourt, having its broad base resting on the ground, and its sum- 
mit lost in the clouds. It consisted of a thick and blackish vapour, 
in the middle of which were often seen flames in several directions. 
Advancing along with the storm, it broke or tore up by the roots, in 
the space of a league, seven or eight hundred trees of different sizes, 
and at last burst with great violence in the village of Marchepoy, one 
half of the houses of which were instantly destioyed. The walls, 
overturned to their foundations, rolled down on all sides ; the roofs, 
when carried off, broke in pmces,'and the debris were dragged to the 
distance of half a league by the force of this aerial torrent. Some of 
the inhabitants wore crushed to pieces, or wounded by the fall of 
their houses, and those who were occupied in the labours of the field, 
were overthrown or blown away by the whirlwind. Hailstones as 
large as the fist, and stones and other foreign bodies carried off by 
the wind, injured several individuals. xCarts heavily loaded were 
broken iti pieces, and their loads dispersed. Their axle-trees Were 
broken, and the wheels were found at the distance of 20(>or 300 paces 
fro III the spot whore they were overturned. One of these carts, 
which had been carried off almost bodily, was pitched above a tile- 
kiln, which had been beaten down, and some of tlie materials of 
which hud been carried to a considerable distance. A spire, several 
ha til lets, and different insulated houses, were overthrown. Several 
villages were considerably injured. The lower part of the water- 
spout. is supposed to have been about 100 toises in diameter.-^See 
the Moniteur o{ the 31st October, where the account is signed by 
M. Foucault, and the BihL Vnivers. Oct. 1823, p. 133. 

Water ’Spout near GetMa in 1823.— In the. communes of Quigliana 
and Valeggia, in the province of Savona, a heavy rain fell on the 
lOili September, at 5 o’clock in the moniing. . It increased to such a 
degree, that at 9 o’clock in the morning the country was inuiidate4^ 
Towards noon there issued from a mountain; ^nated in the partsh of 
Valeggia, a whirlwind of black smoke anti firC:. It fftrst carried off 
the roof of a house, in which two children crushed to, pieces^ 

and the parents wounded. The. v/iiter-spopt then ;^dvaiiee4^to the 
opposite side of the mountain, called Maj^jolo ; cro$^ . rivei:»i. 
the waters of which it liea^ up in an though dil^y w^e; 

much swelled;— carried off the roofs of two jpbabi&d hoiis^, and 
advanced along the ^me mountaia;su t^distf^tC^Quiglianoi where 
it dissipated itself near the Convent of Capnefups, situated in the 
village. It tore up many large trees of iEtf 'Iciiras, and Committed 
ravages, the extent of Which is not yet knwa. The pTfc^thg 
account was sent by the cummandgnt of jprbviftce of 
the governor of Genoa, in a letter, paft ^ which iit; (fublislied lii the ' 
Mimiteur of the 1st of October^ and i|l ther.fifi4 17iitf^s. Kov. 1823, 
p. 135.. .. V ' ' ' ; 
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Of tfie Rainbm. 

The phenomenA of tlie rainbow consists, as c\eiy person know's, 
of two bowa» or arches, stretchinj]^ across the sky, an'd tinged with 
ail the colonrs of Uie pnsmatic speotrum. The inieiiial or principal 
rdinbow, which is often seen without the otlier, has the vwlft rays 
innpnnostt and the red rays outennoat The external, or secondary 
rainbow, which is much fainter than the othci, has the violet colour 
outermost, and the red colour innemiost, Sonietiiiies supernumerary 
bows (lie seen to accompany the pnneipal bows. 

As the rainbow is never seen unh when tlie «uii shines, and when 
ram is failing, it has been universally ascribed to the decomposition 
oi white light by the refraction of the drops of lain, and their refiec- 
tioii witliiii the drops. The production of rainbows by the spiay of 
water-iails, or by drops of wabT scattered by a biush or syringe, is 
an ex|K iiinental pioof of their o**i£;in. 

Let an observei be placc<) with his back to the sun, and his eye 
directed thiough a shower ol ram to tlio part of tlie sky opposite to 
the sun. As the drops of ram aie spheiical particles oi water, they 
will redect and refract the suifs rays, according to the usual laws of 
reti action and reflection^ Thus, iii tlie following figure, wliere 
lepresent the sun^s rays, and A the place of a spectator, in the centre 
of thd* two bows (the planes of which are supposed to be pcrpendicu-* 
lai to his view), the clrop^a and 6 produce part of the tnnet bow by 
two tefractiogs and one redeciioii ; 





and the drops c and d part of the eatertor bow, by two refractions and 
one reflection. 

This holds good at whatever height the sun may chance to be ir a 
of rain ; if lugh, the nunbow must l>e low ; if the sim be hw, 
» high ; and if a sbosrer happen in a vale when a spae- 
liwle on a mountaia, he often sees the bow completed to acircte 
him. Su^ in the spray of the sea, or a cascade, a circular rsin* 
O 
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bow isoilen seen; and it is but the interposition of the earth that pro- 
vents a circular spectrum from being seen at all times, the eye being 
the vertex of a cone, whose base (Sie bow) is in pi^ cut off by tj^e 
earth. 

it is only necessary, for the formation of a rainbow, that the sun 
should shine on a dense cloud, or a shower of rain, in a proper situa- 
tion, or even on a number of minute drops of water, scattered by a 
brush or bv a syringe, so that the the light may reach the eye after 
having undergone a certain angular deviation, by means of various 
refractions and reflections, as already stated. The light which is 
reflected by the external surface of a sphere, is scattered almost 
equally in all directions, setting aside the difference arising from the 
greater efficacy of oblique reflection : but when it first enters the 
drop, and is there reflected by its posterior surface, its deviation never 
exceeds a certain angle, which depends on, the' degree of refraiigi- 
bility, and is, therefore, different for light of different colours : and 
the density of the light being the greatest at the angle of greatest devi- 
ation, the appearance of a luminous arch is produced by the rays of 
eacli colour at its appropriatt^ distance. The rays which never enter 
the drops produce no other effect, than to cause a brightness, or hazi- 
ness, round the sun, wliere the reflection is the most oblique : those 
which are once reflected within the drop, exhibit the common inter- 
nal or primary rainbow, at the distance of about 41 degrees, from the 
point opposite to the sun : those which are twice reflected, the exter- 
nal or secondary rainbow, of 52 degrees; and if the effect of the 
light, three times reflected, were sufficiently po>vcrful, it would 
appear at the distance of about 42 degrees from the^ sun. The 
colours of bolh rainbows encroach considerably on each other; for 
each point of the sun may be considered as affording a distinct arch 
of each colour, and the whole disc, as producing aii arch about half a 
degree in breadth, for each kind of light; so that the arrangement 
nearly resembles that of the common mixed spectrtim* 

A imiar rainhmo is much more rarely seen tbait A solar'^orte ; but 
its colours differ little, except iu intensity,, from thi^ze of eoinmon 
rainbow. 

The appearance of a rainbow may be produced at any time, when 
the sun shines, as follow^s ; opposite to a wijidow^ into which the 
sun shines, suspend a glass glol>e, filled with clear water, in such a 
manner as to be able to raise it or lower it at pleasure, in order that 
the sun’s rays may strike upon it. Raise the globe gradually, and 
when it gets to the altitude of forty degrees, a person standing in 
a proper situation will perceive a purple Colour in the glass, and 
upon raising it higher the oilier prismatic colours, blue, greed, yellow, ' 
orange, and red, will successively appear. After this, the colours 
will disappear, till the globe be raised to abo^ .fifty degreesi, >vheo 
they will again be seen, but in an in verted ; the red appeariof 
first, and the blue, or violet, last. Upon miskig the globe to about 
fifty-four degrees, tlie colours will totally 

In the highest northern latitudes, wh^O the air is commaiiljr 
loaded with frozen particles, the sun And .OiQOti usually appear sur- 
rounded hy halos, jr coloured circles, at the dtstences of about 22 
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and 4G degrees from their centres. Several new forms of halos and 
pamselenae, or niock-moons, have been describodlby Captain .lioss 
and Captain Parry. And Captain Scoresby, in liis account of Uic 
Arctic Regions, has delineated an immense number of pai tides of 
snow, which assume the most beautiful and varied crystallizations, 
all depending more or less on six-sided combinations of minute par- 
ticles of icc. 

When particles of such forms are floating or dc^scending in the air, 
there can be no difficulty in deriving from them those various and in- 
tricate forms which are occasionally met with among this class of 
phenomena. 

Halos are frequently observed in other climates, as well as in the 
northern regions of the globe, especially in the colder months, and 
ill the light clouds which float in the highest regions of the air. The 
halos are usually attended by a horizontal white circle, with blighter 
spots, or parhelia, near their intersections with this circle, and with 
portions of inverted arches of various curvatures; the horizontal circle 
lias also sometimes antheliat or bright spots nearly opposite to the 
sun. These phenomena have usually been attributed to the ollect of 
spherical particles of hail, each having a central opaque portion of a 
certain magnitude, mixed with oblong parlidos, of a determinate 
form, and HoatiDg with a certain constant obliquity to the liorizon. 
But all these arbitrary suppusitiouH, which were imagined hy Huy- 
gens, are in iheniselves extremely complicated and improbuhle. A 
much simpler, and more natural, as well us more accurate explana- 
tion, which was suggested at an earlier period by Mariotte, had tong 
been wholly forgotten, till the same iuea occurred to Dr. Young. 
The explanation given by the last mentioned [ihilosophers is, that 
water has a tendency to congeal or crystallize in the form ofa prism, 
and that the rays of light passing through these prisms (which are 
disposed in various positions,) by their own weight, are so refracted 
as to produce the difi'erent appearances which halos and parhelia 
have been observed to assume. 

The colours which these phenomena exhibit, arc nearly the same as 
tile rainbow, but less distinct ; the red being. nearest to tlie iimniiary, 
and the whole halo being very ill defined on tlie exterior side. Some- 
times the figures of halos and parhelia are so complicated, to 
defy all attempts to account for the foruiutioii of their different [lOri-ts ; 
but if tlie various forms and appearances which the flakes of snow 
assume, be considered, there will be no reason to think them inade- 
quate to the production of all these appearances. 

On the Line of Perpetual Congelatimi. 

lu consequence of the diminution of temperature which is experi- 
enced as we ascend in the , atmosphere, it i$ evident that in u/ery ^ 
chioale a point of elevation may be reached where rt will be npti- 
, Unualiy freezing. The altitude of tfie point above the surface of the 
eartli, will depeud partly on the temperature of the lower rej^ons of 
the atmosphere^, and partly on the decrement of heat belonging lo 
the column at the period of observation. Thus, near the equator, 
it was observed by Bouguer, that ti began to freeze cm the sides of 
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the Idfty mountain Piucliericha, at the height of 15,577 feet above 
tiio level of the whereas congelation was found by Saussure to 
take pluee on the Alps at the height of 13, 4:^8 feet. By tracing a 
line on the plane of the meridian, through the points at which it e'en- 
stantiy freezes, a curve is obtained, which has been denominated the 
lino of Verpetuat Contpilation. The hedght at which thi^* curve inter- 
sects a vertical lino in the various latitudes, has been computed by 
Kirwan, partly froiii observation, and paitly from the moan tempera- 
ture of the paruliei, and the decrement of heat, as we ascend in the 
atmosphere. The following table exiiibit’i tin? result of Ins calcu- 
lations; and though it is constructed on the imtougoiis suppositi<m, 
that the mean annual temperature of the polo is 31^, which, acconl- 
iiig to the observations of Captain Seoresby and Captain Parry, 
must bo far beyond the truth, it is tohtrably accurate for the more 
accessible regions of the globe. 



Aiean llvif'ht of Lhte 


Ue'tfhf of hint 

IjUtiNulv* 

of (\mi:elHhan. 

Itatit 'ttfr. 

of 

•0 - 

- - 15,577 

45 - 

- - 7,058 

5 - 

- - 15,157 

5 J - 

- - 0,200 

10 - 

- . 15 , 0(57 

55 - 

- - 4,012 

15 - 

- - 15,408 

(50 - 

- - 3,084 

20 - 

- - 13,710 

05 - 

- - 2,510 

25 - 

- - 13,030 

70 - 

- - 1,557 

30 - 

- - 11,502 

75 - 

- - 748 

35 - 

- - 10,004 

80 - 

- - 128 

40 - 

- - 0,010 




These numerical relations will be best perceived at a glance, by 
moans of the following diagiatii: — 



Here E P represents the rectiiied meridian from the equator to tlie 
polo, divided into intervals of 10*^ each ; and the difierent perpendi- 
culars or ortlinates at the point 0, 10, 20, cVC, represent the height 
of the freezing point at the equator, and at latitude 10, 20, &c. to 
the pofe P. The curve II P, which has. a contrary flexure about 00*^, 
exhibits the general form of the line of Perpetual Congelation from 
the equator to the pole. 
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On the manner of Regulating Public Clocks. J. Littkow, 
Director of the Obsermtory of Vienna^ 

Up to this time, says the Author, in our town and many oUitTs, 
persons have been appointed for the express purpose of the 

public clocks : every one knows by experience in what manner they 
discharge this duty. 

The first thii»g to be desired is that public clocks should agree 
better, if not with the heavens, at least w ith oik^ another, to obvliKo 
the possibility of mistakes arising in keeping ap{>(>iiitnien(s at any 
given time. Undoiibtoclly it is siilficient fur iiuniy pc rsoiis if the town 
clocks keep time tolerably together, W'bctluu- right or wiung; but there 
are likewise many others towhuiii his of iiuportaiicc thatthev should 
go correctly. • In tact, if the. piincipul church clock, by which tbu 
others must be regulated, bo bad (ami the best clocks of this descrip- 
tion are so, if compared w'ith astronomical c^ock.s^, it will go some- 
times too slow, sometimes too fast, and it will be necessary some- 
times to put the other clocks back, and sometimes forward, altlionL.ii 
they are often betU r than the principal ones. It will be the sai. e 
with regard to private clocks, which, adds Mr. Littrow, must be con- 
tinually adjusted, to make them agree wdth the principal town-ciociv, 
by which all the others must be regulated. 

Thus the public clocks, if we wish to establish systemal.c 
order, ought not only to agu*e together, but the clock which serves to 
regulate the others must go well, and correspond exactly to the great 
celestial clock; tlii.s nu.u be the second nect^ssary condition, lint 
how is this conformity to be brought about ? The pretended r4‘gii]ating 
clocks, or the < Jiimoii pi nduluins frequently used for ihui purpos(\ 
are of no grout utility, on account of tfu ir elevated sitiiurlon, of liieir 
being cxposc'd to the influence of variations of temperature, and to the 
liigh winds which cannot fail to agitate lofty towers, and of the oscil- 
latory movement communicated by the bells, a{ the time of striking, 
to the whole building. The .solar dials of themselves are too small 
and too imperfect, to expect from them the exactness uecessary in 
such a case. Merhiians, besides various other iuconvcmiences, are 
of no use except when the sun appears precise:!} at noon. Jf, 
which is not uncommon in our fogey uionths of winter, the sun is three 
or four weeks concealed behind the clouds, at noon-time, even w hen 
the rest of the day is fine, the pooi superintend ant of the clock house 
can no longer disisem tlic time, and must remain inactive, even though 
his clock shouhl be so much out of order, as to be half an hour too 
slow or too fast. Ju order to accomplish this object satisfactorily, 
a signal should be given from an observatory, the only place in 
which the time of tlia day can he known with certainty at every 
instant. 

To remedy this double inconvenience, and to regulate for the futiue 
the town-clocks (of Vienna), he proposes that, commencing from the 
1st of March, 1824, the precise moment* of noon shall he comniuid- 
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catod by a large bell, placed in the observatory for that purpose, in 
the following manner. Two minutes before noon, the souna of the 
bell shall give warning for some seconds to inform the superintendants 
of the public clocks, and all the inhabitants of the town, that it is 
time to go to their clocks and regulate them. Twenty-four seconds 
before noon, the same bell to begin striking like a clock, one stroke 
every two seconds, so that the twelfth and last stroke is the precise 
moment of noon. Exactly at this last stroke, it shall be previously 
arranged for the clock of St. Stephen’s church to begin stiiking noon, 
which will serve as a signal to regulate with axactness all tire other 
public clocks of the town and suburbs. Every inhabitant will like- 
wise be able to avail himself of this opportunity to regulate his own 
clock, 

^^ e think we ought, says M. Littrow, to add two remarks to the 
preceding. The first relates to the persons to whom tlie execution of 
the plan must be principally confided. They have often occasion to 
know the time almost to a second, and the means which they have 
hitherto employed effected their purpose badly, or not at all. We 
are not speaking here of those who, like their predecessors in the last 
century, make use of solar dials, and other methods equally defective ; 
for such w'orktneii, who are satisfied with knowing the time within a 
few minutes, must not be confounded with real artists. But there are 
men of this class, adds Mr. Littrow, and I myself know several, who 
would rival the most celebrated artists of England, if they received 
the necessary encouragements. Every English artist has an obser- 
vatory in his house for his own use ; it is with this great celestial 
clock that he compares his instruments ; he corrects and rectifies his 
work, till he is able to say, with a full conviction to every purchaser 
M'ho presents himself—^* It is ready, it is finished., it is complete.” 

Our author’s second remark relates to the difference which exists 
between what is called true time and piean time. He here enters 
into a long digression on measuring time by the moon* The most 
ancient nations regulated their wcelb by this planet and its , dif- 
ferent phases. Many periods of unet^ual duration have been invented 
to calculate centuries and ages, but men have been unanimous in 
reckoning seven days to the week, the origin of which is lost in re- 
mote antiquity. Doubtless at first sight, the moon appears, by its 
continually changing disk, and its striking phases, to have been made 
expressly to serve as a perpetual calendar ; nevertheless, it wilt soon 
be perceived, that, of all the heavenly bodies, it has tbe least, right to 
this prerogative. In fact the Jews, among whom the moon plays the 
most important part, have the most confused chronology among the 
moderns. There are no less than six different kinds/of years in use 
among them, and the learned alone can comprehend their calendar, 
which is exceedingly complicated. But wh||t shall we say of our 
own ecclesiastical computation ? Are there many people, even among 
the well-informed, who can tell what day £a$fer or Whitsuntide will 
fiiall upon, in any year? / 

0} If the moon is so ill adapted for legulatihg tbe calendar, , we may 
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likewise observe that it is not from the sun we can expect an exact 
division of the day into hotiis, minutes^ &c. In fact, to adopt popular 
languag;e» the sun moves lu an tlhpsc, in an oval curve, in winter, 
he IS nearer the earth than iii sunimer, and ho moves faster in the 
former season than in the latter. This circumstance alone would 
create an inequality in the length of the days, as widl as in that of 
the hours, minutes, &c. But there is besides another cause of ine- 
quality. The sun moves in the ecliptic, whose plane makes an angle 
of about 23° 23’ with that of the eqiiatoiw and it is to this latter circle 
that we refer the measure of time. In fact all our determinations on 
this head arc founded on the perfectly uniform rotation of the hea- 
vens, or rather of the earth, around the axis of the world, tliatis to say, 
around the axis of the eqiiatoi, the direction of which is exactly from 
south to north. Bveii were the sun to move uniformly in tlie ecliptic, 
for instance, a degree each day, this degree, referred to the equator, 
Would hardly ever correspond to a degree of the latter circle, but 
would be sometimes more, sometimes less. So that even the motion 
of the sun at a constantly equal rate would be to no piir[)ose ; his 
fuiition would be unequal with respect to us, and could not serve to 
dotoriuiiie the.time exactly. 

Since the true sun, that king of our days, that dispenser of light 
and heat, so useful to form great periods of years and centuries, is so 
little adapted to measure ifae day and its parts, astionumors base 
chosen another sun, which assuiedty has neither light nor bout, and 
does not even exist in the heavens, but which is, for that veiy reason, 
the better calculated to be the regulator of our clocksi. This sun, 
which is called the mean sun, to distinguish it from the true sun that 
attracts the eye, moves untformfy in the plane of tlie equator, so that 
it completes its annual course in the same time that the leal sun tra- 
verses the ecliptic hy an unequal movement, When this mean sun 
passes over the meridian of a place, we say that it is mean noon in 
that place; and often iti the course of a year, ^erc is more than a 
quarter of an hour of difference between this mean noon, and the true 
noon of the real suii. But as the mean solar days are dways of the 
same length, the mean noon will always be exactly given by I he last 
stroke ot the observatory bell, as before explained. In this manner, 
clocks will no longer be made to go against their nature, that is to say 
irregularly, but without incessantly altering them, it will be suflioieiit 
to see every noon if their movements be regular ; and the superin- 
tendants of clocks, who have hitheito had no good method of vciify- 
ing the lime to a second, will hereafter have an opiiortiiuity of ascer- 
taining daily how far the movement of their pendulums is correct. 
( Ifu/, de /lienees, J 
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On Predicting the Weather by the Barometer, 


It is now a considorable time since the barometer was proposed 
as a a proper instrument for predicting tlie weather ; and ht^nee it 
obtained the name of weathet' glasst. Accordingly, rules for tins 
piirp(»«5e hove been given by Dr. llalley. Dr. Hutton. Messrs. Pascal, 
Patrick, llowning, Chaiigeux, de Luc, Clarke, Dalton, and many 
others, from whose writings. we have collected the fodowing rules. 

When the mercury in the barometer rises, it is a sign of fair wea- 
ther, attended with heat, if in summer, but frost in winter. If the 
iiieicury falls, it denotes rain, or wind, or perhaps both. 

ffthe mercury rises siuldenly during the time of rain, the ensuing 
fair weather will not continue long; but if the rise is gradual, and 
continues for several days, a contindance of fair weather may he ex- 
pectotl. 

Jf the mercury falls suddenly several divisions, it is a sign that the 
succeeding rain will not be of long duration. But if the mercury 
continues to fall regularly for several days, rain or wiriil, or perhaps 
both, will he of considerable duration. 


I’he mercury falling considerably in autumn, winter, or spring, in- 
dicates gales of wind, commonly attended with rain, snow, or sleet ; 
but, in summer, it denote'^ rain, and probably thunder. The iiiereiiry 
is low with high .winds, and still lower if accompanied with rain. If 
the mercury falls quickly in very warm weather, thunder showers may 
be expected soon after. 

If the meiciiry be in An unsettled and fluctuating state the weather 
has the appearance of being very changeable. 

If the morcutyhas been stationary during several days, its surface 
must be carefully obs4 tved, to ascertain whether it is rising or fulling. 
For this purpose, let the exact figure of the surface of the mercury 
bo observed ; then shake the tube a little, and observe if the mercury is 
more or less convex or concave. If it is more convex, it js a sign 
the mercury is rising ; if the same as before, it is stationary ; but if 
less, that it has attained its greatest altitude at that time, and will 
fall soon. If the mercury was concave before the tube was shaken, 
and more concave afterwards, the mercury is falling ; if of the same 
concavity, or nearly so, it is stationary ; but if less concave it is 
rising. 

Between the tropics, there is little variation in the height of the 
mercury in the barometer; and the more distant any place from the 
equator, the greatir is the range of the mercury. Thus, at Si. Hi*- 
lena, the extreme variation is very little ; at Jamaica d is only about 
ttire% tenths of an inch; at Naples it seldom exceeds an inch. In 
Mngland the extreme lango amounts to about ruches; and at Pe- 
tersburgh to inches nearly. 
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On the Methods proposed for ascertaining the Lot^jilndes and (jatitudes 
of Plat es by Magnetical Instruments, 

Thk facility and readiness with which the longitudes and latitudes 
of places upon the^surface of the earth might be ascertained, by means 
of magnetical instruments, if their performance could be depended 
upon, has at various times brought forward the proposals of instru- 
ments, and calculations made expressly for the purpose ; but (he ac- 
tual experiments made on those plans have constantly shewn, that 
lioth the instruments and the calculations arc iiisuflicient to answer 
that object; and the principal reason of the failure is the uncertainty 
of the motion of the magnetic poles of the earth, upon wliich the 
variation of the compass principally depends. 

That those poles (which may be considered to be the centres or 
focuses of all the magnetic bodies contained in the earth) do not 
remain fixed, but that they do actually move from place to place, is 
sufiieiently evinced by the results of accurate observations ; and no 
modern writer seems to entertain a doubt about it. The variation of 
thcdecliuatioii, ortho change of variation, is principally attributed to 
the motion of those poles ; but the difficulty consists in determining 
whether this motion is regular or irregular, viz. whether it may, or 
may not, bo foretold by calculatiou, according to any rule what- 
soever. 

That nature is regular in her works, and that every natural opem- 
tlon depends upon adequate causes, no person, who is at all ac- 
quainted with philosophy, can possibly deny. Jliit when a certain 
phenomenon depends upon the combination of a variety of causes, 
some of whicli, and perhaps all of them, out of the reach of our 
senses, and of calculation, we call it irregular oi accidental; not for 
want of a natural dependance upon adequate causes, but because we 
are unable to discover and ascertain the laws of that dependance. 
Thus we know that the temperature of the atoosphore in lA»ndon de- 
pendd on the time of the year, on the point frt>m which the wiud 
blows, on tlie clearness of the air, yet no one can foretet the 
precise degree of heat that will be indicated by the thermometer on a 
particular day of the next year ; because, in tiie first place, we are 
not ncquainled with all the concurring causes, and secondly, because, 
from the action of those causes upon each other, their ultimate effect 
upon the body of the oarih becomes tiie result of an immense and 
incommensurable combination. 

With respect then to magnetism, we must first endeavour to dis- 
cover the causes which occasion the motion of the magnetic poles of 
the earth; and secondly, we mustconsider whether the effiects of those 
causes may or may not be subjected to calculation. ^ ^ 

The projectors of the metliods for ascertaining the loii^iidl^iuid 
latitude by means of the variation compass, and of the.ili{»ping imedlep 
generally frame hypotlioses of regular movements, and establish 
upon them all their rules and calculations, uud overlook the natural 
causes of iiregutarky or uncertainty. But hypotheses that are n'>t 
founded upr>n a constant coincidence of effects, and e^ef^iaUy wbi *i 



:14 ON ASCERTAINING THE LONGITUDE, &C. 

tliey are insufficient to account for all the phenoniena, cannot be con- 
sicierc’fl as guides in the investigation ot future events,— *'1 he magnetic 
poles of the earth have been supposed to be four in number ; though 
they are at present generally, and more properly^ thought to be only 
two. They have been supposed to reside oh the fiurface of the earth, 
and to move upon it at a certain annual rate : They have been sup- 
posed to be lixed to a sort of nucleus within the earth, and to move 
along with it either from east to west, or from west to east: They 
have been supposed to be in the atmosphere ; and m short, the. con- 
jectures tkave been very numerous ; but let the hypothesis be what it 
will, WG have no reason to believe tiiat their motion is so regular as 
to be foretold, which will more ev ideiiily appear from the following 
reasons. 

In the investigation of natural properties, when they are out of the 
reach of actual observation or calculation, the imagination must^tart 
with, and bo guided by the analogy of, established facts and laws; 
otherwise the probability of being right vanishes entirely.-— Agreea- 
bly to this rule, if we attempt to form conjectures relative to the mag- 
netic poles of tlie earth, we must in the first place say, that as the 
magnetic polarity has been found to be a property only ot iron or 
ferruginous bodies, therefore it is likely that the magnetic poles of the 
earth reside not in the atmosphere, but in the ferruginous bodies con- 
tained in the earth. Secondly, we have no reason whatever to believe 
that the earth contains a moveable nucleus or kernel, but we know 
that ill a magnet, whether natural or artificial, the poles frequently 
change their places, though the magnet has no nucleus; and there-; 
fore the magnetic poles of the earth may be susceptible of motion 
imlependent of a nucleus. Thirdly, it is natural to suppose that the 
same causes, which have been found to alter the situation of the poles 
of a magnet, act in the same manner upon the earth, and occasion 
the motion of its poles. Those causes, and tlie method of manifest- 
ing their effects, may be reduced to four ; viz. the action of one mag- 
net upon the other; the action of heat and cold; the city rnical alte- 
ration or d,ecompositioa of the substance affected witb magnetism ; 
and, lastly, tlio mere mechanical derangement of parts. — ^Tbat all 
those causes take place in the earth, no body . cun deny ; and of course 
it seems to be as evulent, as the nature of the subject will admit of, 
that the motion of the magnetic poles b governed by the concurrence 
of all those causes. 

8o far we have considered only the mo6on ot the magnetic poles 
of the earth, which undoubtedly govern the general variation of the 
magnetic needle ; but if we, also lake into the account the local 
causes, which have been indbputably found to alf^ the needle in 
par^ular places, such as the victiiity of areat tracts of land, pro- 
montories, volcanos, drc. we must ^'kuou^dge that the prospect, is 
very discouraphg, and the probability of our ever becoming<||^q^to 
ascertain the lonjSitade and iatitudi^ by means of maguetioid 
ments, seems almost to Vanmh. In fact, we (bc^Ser- 

ent projects hitherto publidied, co|n{iac4Uiw^ 
astonishing diversity as well among thewdves, as, between them and 
aclusd observations, : , v’ 
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On the Method of detenmning the Flatness of the Oblate Spheroid in 
Frame, bg the cmnparUtm of an Arc of the Meridian with an <4/ <; 
of a Parallel. . . 

The two line^ of ourvatuve on the earth’s surface at any place, 
being^ well calculated to rletermiue with prebision the dimensions of 
the oblate spheroid in that place, geometers and as'^ronamers have 
long wished that the great geodesic operations executed in .Kig,i'ope, 
li!ce those upon which the new system of French measures is founded, 
should be imuiediately applied to the measurement of ilidercnt arcs 
of meridians and parallels, in order to acquire, by this moans, a more 
accurate knowlecfge of the real ligure of the earth. 

1’he trigonometrical labours undertaken by the French royal body 
of geographical engineers, under the immodiato direction of the war 
department, and which are to serve as the skeleton of the hiew map 
of that country, already furnish very valuid>ie results for the solution 
of the problem in question. X*or examjde : an arc of the parallel, 
measured trigonometrically and astronomically, in the latituae of 45 
degrees, extends from the tower of Cordovan into Piedmont, and 
might even bo continued to Fiume and farther. The observations on 
longitudes made last year, by Colonel Brousseaud and the astro^ 
nomer Nicollet, by means of signals of fire, give the amplitud|s of four 
consecutive portions of this line, which embrace an extent of seven 
degrees. They are connected with those made by Messrs. Plana 
and Cnrlini, and other foreign philosophers a year before, upon the 
same line beyond the Alps, and thus ronn a geographical union be- 
tween France and ftaly. 

Another arc of the parallel, not less important, comprised between 
Brest and Strasburg, the measure of which had been earnestly desired 
by the illustrious La Place, author of the Mecaiimue Celeste, is al- 
ready known geodesically.. It is upon this line •that reverberating 
lamps have been constantly used for the purpose of ascertaining 
whether angular observations in place.s but little elevated, agree toge* 
ther better by night than by day. It is also upon line, that a 
trigonometrical survey has been effected by reciprocal and simulta- 
neous observations from Paris toBrestpwUhthe view either of deter- 
mining exactly the absolute heights of l|^ stations comprised between 
these extreme points, or of connecting; by theap st^oos all the 
secondary surveys intended to be afterwards vtodj^aken for forming a 

hydrographic map of France. . 

It is proposed this year to' make qb>c#yati^ on tlia longittidc of 
this secona primordial line ; but in ^der t^ a^oid the trouble of estah- 
Kshibg temporary observatories in an open country, and above all, 
the eriormojus expense wbich^^if' coDstniciion would occasion /the 
difference pflqngitiide betwe^ ^JcxWeinities of this axis, VtilyWitti 
tkfe assistain^ qfichrohometfeW j^^ilid . at several interineditttejj^iuts, 
rapidl trshamissibn, by ^ans , of gnn^^der 
Siana|^/.0f hWii^which will ^ counted, at' the sable , instant of 
tiSijS;/ai ;;Bl^; and\a Strasburgv lliis very mmple pidceec&g is 



38 
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perhaps the best that can be employed to obtain promptly the total 
amplitude of a great arc of parallel, not only because it is independent 
of the errors which might result from the ordinary method oftibsplute 
time determined at intermediate stations at a short distance from 
one another, but because it is not liable to the irregularities in the 
diurnal movement of chronometers. Nevertheless, as it is of import- 
ance to compare together different arcs of the same parallel, it will be 
highly useful to ascertain separately the difference between the meri- 
dians of Brest and Paris, and that between the meridians of Paris 
and Strasburg. 

The parallel of the 45th degree, of which we have just spoken, is 
joined in one direction to one of the sides of the meridian of France, 
and in the other to the base of Beccaria, near Turin, being verified 
by the French geographical engineers, as well as by M. Plana, and 
other Italian philosophers: so that the method laid down by La 
Place in the third Supplement to his Analytical Theory of Proba- 
bilities^*^ might be easily applied for correcting in the most advan^- 
tageous manner this arc and its several parts, by the difference 
existing between the entire base measured directly, and its length, as 
deduced from the chain of triangles. 

The calculations relative to the comparison of an arc of the parallel 
with an arc of ihe meridian, are capable of being effected in a manner 
analogou* to that made use of for determiniug the oblateiiess of the 
earth, by the measure of two arcs of meridians under different lati- 
tudes. In fact, there exists a relation between the length of aparc 
of the meridian, considered as elliptical, and the latitude of its extre- 
mities; and this relation is essentially a function of the radius of the 
equator, and of the oblatcness xif the earth. In like manner, an arc 
of the parallel in any given latitude, is a function of its amplitude, of 
the radius of the equator, and of the same oblateness ; thus, proceed- 
ing by tlie ordinary mode of elimination, we can obtain these two last 
unknown quantities; tliat is to say, the dimensions of the oblate 
spheroid at the point where the two combined arcs cut one another, 
and consequently can ascertain whether the figure of this solid is the 
same generally attributed to the whole earth, according to the com- 
parison made of the arcs of meridians measured in France and at the 
equator. 

If the parta of the pai'allel thus examined are not proportional to 
their amplitudes, it will be advisable to deterraiiie the spheroid which 
corresponds best upon the whole with the p^emtiocs of longitude, 
and this by using tlm method of the invented oy M. 

Legendre, and demonstrated by Laplace to be most adVan- 
tageous. In this case, conditional equations must be formed between 
the errors to which observations^ are liable and the oblateness of the earth ; 
and if among the smallest probable errors :v^hich affect the observation 
of longitude, there should be any too considerable to be really attri^ 
butablo to the observations, it may be, concluded that thq spheroid 
sought is not that of revolution. The surest method Will then be to 
have recourse to the admirable theory given in the third boojk' of ihe 
Celestial Mechanics of La Placp. ? . 
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The grand trigonometrical surveys undertaken to furnish materials 
for the new topographical map of France, and the numerous obser- 
vations of the pendulum carefully colleeted by the Board of Longi- 
tude in that kingdom, concur to throw a new light upon the difficult 
question of the figure of the earth. And it is to be earnestly hoped 
that, in other countries besides France, similar exertions in favour of 
science and public uttliiy will be promoted and patronised. 


On the Agency of the EaHh in produemg Meteors. 

By Profit Meinbckk. 

This gentleman, in a memoir read to the Natural Society of 
Halle, proves, in various ways, the existonco of a lower terrestrial 
atmosphere; he thinks himself justified, by the reasons he alleges, in 
concluding with certainty, that this atmosphere, which may penetrate 
to a depth of twenty geographical miles into the interior of the earth, 
is already compressed at a smaller depth, so that without being 
liquid, it forms a fluid equivalent to water. Hence there results for 
the lower terrestrial atmosphere a mass, in comparison of which, the 
higher atmosphere, which is known to be equal in weight to a column 
of water, about thirty feet high, appears very small. 

It is to this mass of inferior air, contained in the pores of fossils, 
in cavities, in abysses, ami even constituting part of the elements of 
fossils, that the professor attributes the greater part of meteors; 
while that insignificant mass of air, disseminated in the form of 
vapour, and hitherto called the atmosphere, at most contributes but 
slightly to their creation. As he attributes the barometrical pheno- 
mena to the inferior atmosphere, be likewise denies the influence of 
the moon upon the weatlier. * 


On the Colours of the Atmosphere, 

Ip the earth's atmosphere consisted of a medium nnUmited, and 
perfectly homogeneous, the sun and planets would shine in a firma- 
ment of the most intense darkness, similar to what has been observed 
by travellers on the eleya^ summits of the Alps and the Andes. 

As the atmosphere, Iwwcver, is of a limited extent, and composed 
of strata, of variable denility* the light of the sun which falls upon it is 
reflected in every direction, add r^heX the surface of the, earth with 
that chaste tinge of blue, which, forms such a fine relief to the yellow- 
ish light of the heavenly bodies,, ; • 

The. blue colour of the sky w# attributed by Fromondus, Otto 
Glieridke, Woifius, and Muimbeabroefc, to a mixture of light and 
shttdbw; Sir Isaac Newton and ^ngUer, on the contrary,-, were of 
bpimidti/flitat Ae particles of air reflect the blue rays more copiously, 
’^aad 
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This expldiiaiioti, vthirh was then little 1 ettei tlian a mere conjeo- 
turc, has been rendcud lualilv probable by the expeiinuiits of Dr. 
Brewster on the polaiisation of light 

lie observed that one of the images of certain paits of the sky, 
forinecl b> a doubly retracting c<*ystai, was much bluer than the other, 
and that the images cliangcd thtir tin s alternately. Upon the sup- 
position, then fore, that tht light of the sky consists of two portions 
of light, one blue and the other neaily colourless, wc ina> explain all 
tin phenomciid which appeal, when the light of the sky is examined 
in dificrent azimuths, and in different planes passing through the sun 

The phenomena of blur shadows, which have been so often ohsci\ed, 
arise fiom thf illuininatiou of the sliadov\s of bodies by the blur light 
of the sky, the parts without thr slnd > v being illuminatrd by some 
other light, sucli as that of the siiri oi of a candh These ooloiiud 
shadous are g< Derail^ sorii with most distinctiHss at suii-nsr and 
sun sot, when the sun s light has a y< How tinge 

The colours rif shadows illumiiiatcil by the sky, vary in diffeient 
loiintrics, and with rhfti rent seasons of the ^eai, fiom pib blue to a 
violit black; and when tlieie aie yi How vapours ni tbr boii/oii of 
yellow light reflectrd from the lowir pait of the sk\, eithci at suii- 
iisf or at sun-stt, the shadows h ivr a sti on g tinge ol green, aiismg 
fiom the mixtuK of these accidental lays with the bbie tint of the 
shadow. 

The phenomena of coloiiied shadows are often bnely soon in the 
iJiteiior of a room They arise from the blue light ol ibc sky, and the 
light irdected ri( her fiom the furniture, or the painted walls of the 
loot I. 

M Jlassenliatz has wntten a very elaborate rnemon on the subject 
of coloured shadows, and has deduced the following coni^lusions from* 
his vaiipiis expcriiiieuts and observations. 

1 Tirat the shadows formed by the direct light of the sun and that 
of the atmosphere, vary from a meadow green to a violet black, v\ a 
gtadaiiem thiough the blve, tndigo, and mokt; and that the variation 
dr p< nds on the intensity of the light of the sun, compared with that of 
tlie atmosphi re. 

2. Th it the shadows formed in apartments by the light of the at- 
mosphere and reflected lights, may present all the prt««matic colours, 
more or less chingcd by black. 

:) 1'nat the sh idows produced on a piece of pasteboard, iHutni- 
oated by artificial light, are reddish and bliieiNh, more or less deep « 
and, that vciy probably, the blueisli and reddiOi tints of the shadows, 
depend on the propoition of hydrogen and carbon in the combustible 
bodies. 
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TABLE 

For JRedming Sidereal into Mean Solar Time. 


Hours. 

£qua. 

Mill, 

£qua 

See. 

Equa. 

1 

ID. S. 

0 »a3 

1 

s. 

016 

1 

s. 

0*00 

2 

0 1000 

2 

0*33 

2 

0*01 

3 

0 29‘48 

3 

049 

3 

0*01 

4 

0 38 32 

4 

0 66 

4 

0*01 

5 

0 3813 

6 

082 

6 

0*01 

0 

0 58 88 

0 

0 98 

6 

0*02 

7 

1 08*81 

7 

1*15 

7 

002 

8 

1 18 04 

8 

T31 

8 

0*02 

0 

1 28*17 

0 

1*17 

9 

0*02 

10 

1 38*30 

10 

1*64 

10 

0.03 

11 

1 48*13 

11 

1*80 

11 

0*33 

VI 

1 67*80 

12 

1 1*97 

12 

0 03 

13 

2 07*78 

13 

213 

13 

0*04 

11 

2 17 01 

14 

2 29 

14 

0*04 

15 

•1 27*41 

16 

2*46 

15 

0*(/4 

k; 

2 37 27 

10 

2*62 

16 

0*04 

17 

2 47*10 

17 

2-78 

17 

0*06 

18 

2 60 83 

18 

2*05 

18 

0*05 

19 

3 08*70 

19 

3*11 

19 

0*05 

20 

3 18 69 

20 

3*28 

20 

0*05 

21 

3 20*42 

21 

4*91 

21 

0 08 

22 

3 80*26 

22 

6*55 

22 

0*11 

23 

3 40*08 

23 

8*19 

23 ► 

0*14 

24 

3 66*81 

1 

9*83 

24 

0*16 


KX AMPLE. 


Redaee 8 hours, 64 minutes, 18*6 $econds, Sidacal Time into Mean 



Solar Time. 

m «. 

8 hours 

Equtt. 

. 1 18*04 

60 iKiinutos 

ditto 

08*19 

4 minutes . 

ditto 

0 08 

18*6 seconds . 

„ ditto • 

. 0*06 - 

Sum 

• • • 

. — 1 27-64 

Given time 

mm* 

. 8b 64 18*60 

Meno time required 

m 

8 62 60*98 


P 
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TAttLK ^ 

For Reduaing 3Icatt Soiar info Sidereal Tone. 


j Hours. 

I Kqua. 

Mill. 

Equa. 

Sec. 

Kqiia. 

1 ” 

ni. s. 


s. 


N. 

! > 

0 9RG 

1 

(►-10 

1 

0*00 

•2 

0 1971 

2 

0-33 

2 

0*01 

0 

0 20-57 

3 

0*4!) 

3 

0*01 

4 

0 a9'4;i 

4 

o-ot; 

4 

u-oi 

5 

0 40-*i« 

5 

0-82 

5 

0*01 

(» 

0 59 M 

(; 

0-00 

0 

0-02 

7 

1 (W-99 

7 

1*15 

7 

0-02 

3 

1 13*85 

a 

1*31 

a 

0*02 

1> 

1 29-71 

0 

1*48 

0 

0*02 

10 

1 sn-oO 

10 

104 

10 

0-03 

11 

1 U$-42 

11 

1 *8*2 

11 

0*03 

12 

J U-2» 

12 

1 07 

12 

0-03 

i;i 

2 08- 1» 

13 

2*14 

13 

0-04 

hi 

2 17-99 

14 

2*30 

14 

0-04 

15 

2 27 95 

15 

2-46 

15 

0-04 

10 

2 37-70 

10 

2*03 

16 

0-04 

J 7 

2 47-58 

17 

2-79 

17 

0-05 

1 

2 67-42 

la 

2-90 

la 

0*05 

! T fl 

3 07-27 

10 

3-12 


0*05 

1 20 

3 17-13 

20 

3 28 

20 

0*05 1 


3 20-98 

21 

4-93 

21 

0*00 

1 22 

3 36-84 

22 

0-57 

22 

0 11 

23 

3 46-70 

23 

821 

23 

0*14 

24 

3 56-55 

24 

9 B 0 

21 

0*10 


EXAMPLE. 

Redact 0 hnvr^, 52 minutes^ 50-00 $e€mdn. Mean Sehtr Time into 


Sidereal Time. 

m. 1. 

8 hours • 

£(]ua. 

1 18-85 

50 minutes 

ditto 

08-21 

2 minutes 

ditto 

00-83 

50*90 seconds • 

ditto 

Vc 

Oo-i t 

Sum . - . 

• V • 

+ 1 27-53 

Given time ... . 

■ • • 

8h 62 50-96 

Sidereal Time required 

• « • 

8 54 18-49 
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Of the Reflecting Telesco^m. 

The great difficulty of managing rt^roefiv?.^ telescopes when M 
great length, and tlie impossibility of oWioing a higher magnifying 
power than 500 times, even by making them 000 feet long, stimu- 
lated philosophers to attempt a different mode of constructing teles- 
copes; wliich they have effected by applying the principle of reflection, 
instead of that of direct vision. By this means instruni(mts of a much 
shorter length answer the purpose much better; for a reflecting teles- 
cope, G feet long, will magnify as much as a refracting one 100 feet 
long. 

Gregorian Telescope, 

The first telescope of the reflecting kind, which was found to 
answer the purpose, was invented by Dr. Janies (rregory, a Scots- 
man, about the year 1001. 

'riic instrument which be invented is represented by the foilovving 
figure. 



At the boiu-in of the great tube TTIT is placed the large concave 
mirror DlIV T, whose principal focus is at m; and in its middh is a 
round hole P, opposite ijo which is placed the small minor L, concave 
toward the great one ; and so fixed to a strong wire M, that it may 
be moved farther from the great mirror, or nearer to it, by means of a 
long screw on the outside of the tube, keeping its axis still in the 
same line P m n, with that of the great one. Now, since in viewing 
a very remote object, we can scarcely see a point of it but what is at 
least as broad as the great mirror, we' may consider the rays of each 
pencil, which flow from every point of the object, to-be parallel to 
each other^ and to cover the. whole reflecting surface D IT V But 
to avoid confusion in the figure, we shall only draw two rays of a 
pencil flowing from each extremity of the ol^ect into the great tube, 
and trace their progress, through all their reflections and; refractions, 
to the eye/, at the end of the small tube It, w^hich is joined to the 
great one. . , 

Let us then suppose the object A B to, be at such a distance, that 
the rays C may flow from its lower extremity B, and the rays .£ from 
its upper extremity A. Ihen the rays C falling parallel upon the 

f reat mirror at D, will be thence reflected convdrging, in tlie direction 
> G ; and by crossing at 1 in the principal focus of the mirtor, they 

P2 . 
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will form the upper extremity I of the inverted iinnge IK, similar to 
tlie lowei extremity B of the objeei A B : and passhi^ ou to the 
concave mirror L, (whose focus is at n) they will fall upon it 
and be thence reflected converging, in thedircctuin g N, because gm 
is longer than gn; and passing through the hole P in the large 
mirror, they would meet somewhere about r, and fonn the lower ex- 
tremity d of the ei eel image ad, similar to the louei extremity B of 
the object A B. But by passing through the plaiiu-con\ ex glass R 
in their way, they form that extremity of the image at h. In like 
manner, the lays 15 which come from the top of the object A B, and fall 
parallel upon the great mirror at F, are thence reflected converging to its 
focus, where tliey form the lower extremity K ot the inverted image 
1 K, similar to the upper extremity A of the object A B ; and theTice 
passing on to the small niirroi L, and falling upon it at h, they are 
thence teflected in the converging state AO; and going on tlirongli 
the hole P oi the great mirror, they will meet sonieuheie about 7 , 
and toriii theie the upper extremity a of the erect image ad, simiiai 
to the upper extremity A of the object A B : but by passing tlirouah 
the convex glass 11 in their way, they meet and cross sooner, as at a, 
where that point of the eiect image is formed. The like being under- 
stood of all those rays which flow fiom the intermediate points of the 
object, between A and B, and enter the tube at TT; all the inter- 
mediate points of the image between a and b will ( e formed : and 
the rays passing on from the image through the eye-glass S, aiid 
tliiough a small hole e in the end of the lesser tube tt, they enter the 
eyojf, which sees the image a d (by means of the eye-glass) under the 
large angle ced, and magnified in length, under that angle from c to d. 

In the best reflecting telescopes, the focus of the small minor is 
ne\er coincident with the focus m of the gij^at one, wheie the fl«st 
image IK is formed, but a little beyond it (with respect to the eye) 
as at n: the Gon»equence of which is, that the rays of the pencils will 
not be parallel after reflection from the small mirror, but converge so 
as to meet in points about qer; where they will form a larger upiight 
image than a d, if the glass K was not in their way : and this image 
might be viewed by means of a single eye-glass properly placed be- 
tween the image and the eye : but Uien the field of view would be 
less, and consequently not so pleasant, for which reason, the glass 
B is still retained, to enlarge the scope ot area of the field. 

To find the magnifying power of this telescope, multiply the focal 
distance of the great minor by the distance of the small miiror from 
the image next the eye, and multiply the focal distance of the small 
mirror by the focal distance of the eye-glass : then, divide the pro^ 
duct of the former multiplication by the product of the latter, and 
the quotient will express the magnifying power. 

One great advantage of the reflecting telescope is, that it will ad- 
mit of an eye-glass of a much shortei focal distance than a refracting 
telescope will ; and, consequently, it will magnify so much the more : 
for the rays are not coloured by reflection from a concave mirror, if 
it he ground to a true figure, as they are by passing throOgh ajConveX- 
glass, let it be ground ever so true. 
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AiircmiHical Qmdirant 

The follo\^ing figure represents the portable AstroDomical Quad- 
rant u^oiinted on an axis and pedestal. 



, Thie axis altows us to place the instrument in any vertical position, 
‘and ihe pedestal, moveable in the axis of the circle EF, at the bot- 
tom, permits us to place it in the direction of any as^imutb, or towards 
anv point of the compass. 

The limb AB is graduated into degrrees and halves, numbered' 
from A. . 

ri /ETpon the j^dius C B is fixed a ieleacope, through which we view 
'Any retnote^eete^inl or other objeet.\ This limb is elevated oir de*- 
pressed 

The circle is graduated into quadrants ot 90^, and these 
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The point Zero on the quadrant borresponds with Zero oil the 
nonius (t. 

The quadrant united to the pedestal moves round the limb by 
means of rack-work and a pinion, F, and shews the position of t^le 
place of the quadrant, and consequently of an object. 

The rationale of this instrument is very obvious ; for,. by means of 
it we can measure the angular distance of any celestial body in the 
zenith; or at any altitude; or of any terrestnal object from any other 
oliject in the horizon. 

The former is effected by means of the graduated quadrant A B ; 
and the graduated circle E F accomplishes the latter process. To- 
gether, those graduations enable us to determine both the altitude and 
azimuth of a celestial object, since by the compass we can place the 
instrument due north and south. 


On Olmi'ning with the Telescope. 

The apparent magnitude of an object, viewed through a telescope, 
may be measured, with great accuracy, by a scale or by two wires, 
introduced at the place of the last image, reducing afterwards the 
angle thus ascertained according to the magnifying power. Care 
mtist, however, be taken to avoid as much as possible the distortion 
which usually accompanies any curvature of the image ; and the 
wires, one of which is soinetirnes made moveable, by means of a 
iiiicromeler screw', must be sufficiently illuminated to bo distinctly vi- 
sible. Somotiines a scale is ililroduced, which, from the apparent 
magnitude of a known object, such as that of a man of ordinary 
height, or of a portion of a wall built with bricks of the usual size, 
enables us at once to read oS its actual distance, which is expressed 
on the scale in hundreds of yards. The angular magnitude of an 
object, seen through a telescope, may also be found, by viewing at 
the same lime, wim the other eye, either a scale, or any other object 
of known diinensiotis, placed at a given distance : the lucid disc mi- 
crometer of Dr. Herschel is employed in this manner forjudging of 
the magnitude of the celestiat bodihs. The divided object glass 
micrometer affords another mode of measurement: the object glass 
being divided into two semicircular portions, ona of which slides on 
the other ; each portion acts as a separate lens; and two images of 
every part of the object being formed, the angular distance^ of any 
two points is determined by bringing their images^ together, and mea- 
suring the displacement of the moveable portion of the object glass, 
which is required for pn)cijring the cnincidefice. Sometimes, also, a 
similar purpose is answered b^y inserting a divided glass in the eye 
piece, which is nearly on the same principle, and which seeios to pe 
somewhat less liable to error. In a reflecting telescope of Casse- 
grain's coiisiruction, Mr. llamsden has also produced the , same effect 
by dividing the convex speculum, and causing a part pf {t to tufrn 
round an axis. All these arrangenoients particularly desetve the 
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ientiofi of tho»e who are employed ia practical astronomy' and in 
geography, since the advancemeut of these sciences much depends on 
. the accuracy of the telescopic and microscopic measures, which are 
performed by means of optical instruments. 


To find ike Rate of Tme-keepet^i, 

If a Time-keeper could be so constructed as lo go uniformly in 
every season and climate, it would obviate all difficulty respecting 
the longitude: and though perfect regularity of motion cannot be 
ho[)cd for in any mechauical contrivance, the want may be in some 
measure supplied, particularly in short voyages, by ascertaining the 
rate of a tiinc-keepcr ; that is, by iinditig what it gains or loses daily, 
during a series of observations. 

The most general method, as well as the most accurate, of finding 
the rate of a time-keeper, is by a transit instrument, the use of which 
will be shewn in the next article. 

In order to ascertain the mean daily rate of a watch, it should be 
•some days under trial, and the operation is performed either by taking 
an arithmetical mean between the two extreme daily variations, or 
between them all together; the latter method seems the most correct: 
but if the watch should materially alter its rate of going while under 
trial, all the observations made before the alterations took place 
must be rejected, and otdy those retained which were made after- 
wards, The time generally allowed for ascertaining the mean rate 
of a watch is about a month. 

But some astronomers think that a rate deduced from a hup scries 
of observations is best ; while others prefer the latest rate taken from 
a short trial. On such a nice point as this, little can be said with 
certainty. If, however, the rate is found to be uniform, and the 
watch be well adjusted for heat and cold, a few days may be sufficient 
to determine its mean rate ; but if this be not the ease, several months 
may be iiecessarj^. 

With respect to the adjustment for climate, as well as the various 
precautions necessary in the management ot a limc-keep^T, ihe 
maker's directions should be carefully followed. 


Of ihe Transit LisirumenU 

A Transit Instrument is a telescope placed in the meridian in 
order to observe the times that the heavenly bodies pass this great 
circle, and thus (by the help of a sidereal clock) to find their light 
ascensions ; and also, to determine the errors and rates of chrono^ 
meters. 

. Across the middle of the telescope is fixed an axis, at right angles 
to it, tb^ eads of which are tapeted into pivols^which turn m notches 
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made iu a frame for this purpose. The axis must be perfectly level, 
and placed east and west, that the telescope may turn in the plane oi 
the raeriifian. 

In order to observe the instant that a celestial object passes the 
meridian, there is placed in the telescope a system of wires, generally 
consisting of five, ecpii-distant from each other, and perpendicular to 
the horizon ; there is also an horizontal wire bisecting the rest. The 
middle vertical wire is intended to coincide with the meridian ; and 
the instant that any heavenly body passes this wire is called its 
transit. The other parallel wires are intended to correct or verify 
the observation ; which is done by taking a mean between the transits 
over the first wire and the last, or over the second and fourth ; or, 
what is reckoned most correct, a mean of the whole, which is called 
the reduction of the wires. 

Th('re arc five adjustments principally necessary to a transit instru* 
ment, three of which regard the telescope, and two the axis. 

1. The wires should be set perfectly verticaU which is proved by 
observing that any distant object, cut by a wire, does not vary on 
moving the instrument up and down, but keeps in the snine position 
over the wire ; otherwise, the wires must be turned about till the 
adjustment is made. 

2. The telescope should have no parallax. This is seen by bisecting 
any distant object with the horizontal wire : and if, on moving the eye 
)ip and down a little, the object should appear to separate from the 
wire, the instrument is said to have a parallax, which must be cor- 
rected by placing die object and eye glasses at such a distance 
asunder, that their /oci may meet in the point where the wires are 
Axed : but when the object glass has been properly fixed by the instru- 
ment maker, the observer has only to adjust the eye glass. 

3. The telescope should he in collimation,* This is known by ob- 
serving any object as cut by the meridian wire, and if, on reversing 
the axis, the object remains cut in the same manner as before, the 
instrument is in collirnation ; otherwise, it must be corrected by means 
of the two small screw^s in the sides of the telescope ; that is by 
easing one, and screwing up the other, until the ^rror appears one 
half diminished ; and again, by inverting the axis, and repeating the 
operation, until the adjustment is properly effected. 

4. 7b hvel the axis. This is done by means of a screw placed 
under one of the notches, which raises or depresses that end of the 
axis at pleasure ; and the true horizontal position is proved by a . 
spirit level. 

5. To bring the telescope into the meridian. Thia is performed by 
an horizontal screw, which moves one end of the axis backward or 
forward as occasion requires; but to ascertain the meridian with 
perfect accuracy is a problem of some difficulty as well as importance. 

* llie line of collirnation (i. e. of aiming^ is a light line passing from the in- 
tersection of the meridian wire with the norizontah to the centre of the object 
glass. Or, it may he defined a right line passing through the centre of the tele- 
si;<»po, and perpendicular to its axis. 
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On the Ether of Newton. 

W E have made tlie following extract from Sir 1. Newton’:^ vvorkf, 
to sitew that he was of opinion that there is an ethereal medium or 
subtle elastic ether which pervades the universe : — 

‘*To proceed to the hypothesis: first> it is to be supposed therein, 
that there is an ethereal medium, much of the same constitution 
w ith air, but far rarer, subtler, and more strongly elastic. It is not 
to be supposed, that this medium is one uniform matter, but com- 
pounded, partly of the main phlegmatic body of either, partly of 
other various ethereal spirits, much after the manner that air is com- 
pounded of the phlegmatic body of air; intermixed with various 
vapours and exhalations : for the electric and magnetic effluvia, and 
gravitating piinciple, seem to argue such variety. 

Is not the heat (of thewarmi'oom) conveyed through the vacuum 
by the vibrations of a much subtiler medium than air? — And is not 
this medium the same with that medium by which it is reft acted and 
reflected, and by whose vibrations light communicates heat to 
bodies, and is put into fits of easy reflection and easy transmission? 
And do not tho vibrations of this medium in hot bodies, contribute 
to the intenseness and duration of their heat? And do not hot 
bodies communicate their heat to contiguous cold ones, by the vibra- 
tions of this medium propagated from them into the cold ones? 
And is not this medium exceedingly more rare and subtile than the 
air, and exceedingly more elastic and active? And doth it not 
really pervade all bodies ? And is it not by its elastic force, ex- 
panded through all the heavens? May not planets and comets, and 
ail gross bodies, perform their motions in this ethereal medium? 
And may not its resistance be so small as to be inconsiderable? For 
instance; if this ether (for so 1 will call it) should bo supposed 
700,000 times more 4 ^lastic than our air, and above 700,000 moie rare, 
its resistance would be abo ut no0,000,000 times less than that of water. 
And so small a resistance would scarce make any sensible alteration 
in the motions of the planets in ten thousand years. If any one 
would ask how a medium can be so rare, let him tell me — bow an 
electric body can by friction emit an exhalation so rare and subtile, 
and yet so potent? — And how the effluvia of a magnet can pass 
through a plate of glass, without resistance; and yet turn a magnetic 
needle beyond the glass 

This is ,airC|itotat;iQn which has been many times made by those, 
philosophers who favour the undulatory theory of light, to show that 
Newton was not confident in wliat is generally said to be his own 
thebt^, ttSimely, that light k a real substance. 
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Achromatic 

Achromutic Telescopes differ only from those of the common 
refracting kind, in the formation and combination of the glasses em- 
ployed in their construction, 

III viewing objects through a refracting telescope, which is not 
furnished with an achromatic object glass, a kind of aberration is 
produced, by the different refrangibilities of the various coloured rays 
of light which form an infinite number of images, neither agreeing 
perfectly in situation nor in magnitude, so that the objects are reu- 
dercid indistinct, by un appearance of colours at their edges : this im- 
perfection, ho vr ever, Mr. Dolland has in great measure obviated, by 
his achromatic object glasses : the construction of which depends on 
the important discovery, that some kinds of glass separate the rays of 
different colours from each other much more than others, while the 
whole deviation produced in the pencil of light is the same. Mr. 
Dolland therefore combined a concave lens of Hint glass, with a 
convex lens of crown glass, and sometimes with two such lenses. 

'fhe following figure represents an achromatic telescope with a 
triple object glass, and with Boscovitch^s achromatic eyo-piece, con- 
sisting of two similar lenses, one of which is every way three times 
as great as the other, their distance being twice the focal Icugth 
of the smaller. 



The concave lens of flint glass was sufKcioutly powerful to correct 
the whole dispersion of coloured light produced ky the crown glass, 
but not enough to destroy the effect of its refraction, which was still 
sufficient to collect Uie rays of light into a distant focus. For. this , 
purpose it is necessary that the focal lengtlis oiT the two leases should 
DC in the same proportion, as the dispersive powers of the respective 
substances, v(^hen the mean deviations of the pencils are equal ; that 
is, in the case of the kinds of glass commonly used nearly in the 
ratio of seven to ten. Sometimes, also, the chromatid' aberration, 
that is, the error arising from the different^ refraagibiliiies of tfie 
different rays, is particularly corrected in an eyc^piece, by placing a 
field glass in such a manner, as considerably to contracsr the dimen- 

* A lena or pmm is said to be aehromatUy if it form an im&^e free colour, 
or if it refracU all the rays of white light to one focus. 

A compound lens 'may be made or nearly free from Colodrs, if it 

consists of two len^s farmed of substanoes of different dispersive powto,. the 
one hein^ convex and the other having their focal. lengths propor- 

Uwaid to their dispersing powers. .“^y* • ' < ; j - , 
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dions of the imciG;o formed by the least refrangible rays, \>hich is 
nearest to the eye glass, and to cause it to subtend an eiiiiul angle 
to the image formed by the most refrangible rays, this image being 
little aftVeted by the gla^s. 

The tulloiviiig figuie represents one of Mr. Doliaiid’s achronialic 
tell scopes, supported m the centre of gravity, with its rack woik 
motions, and mounted on its mahogany stand, 



the three legs of which are made to close up together by means of the 
brass frame a a a, which is composed of three bars, connected toge- 
ther in the centre picc^ by three joints, and aUo to the three legs o( 
the mahogany stard by thioo other joint^i, that the thtee bars of 
thi» flame may he close against the msides of the legs of ike piahogany 
stand when they are picssed Cogethei, toi the conveuietioe of car- 
riage. 
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The brass pin, under the rack work, is made to move round in the 
brass socket and may be tightened by means of the huger screw df, 
•vhen the telescope is directed nearly to the object intended to be 
observed. This socket turns on two centres, by which means it may 
be set perpendicular to the horizon, or tc, any angle required ;in 
respect to the horizon, the angle may be ascei tallied by the divided 
arc, uiid then made fast by the screw e. If this socket be set to the 
latitude of the place at which the telescope is used, and the plane of 
this arc be tinned on the top of the mahogany ‘Stand, so as to be in 
the {)Ianc of the meridian, the socket h being nxed to the inclination 
of the pole of the earth, the telescope, when turned in this socket, 
wil 1 have an equatorial motion, which is always very convenient in 
making astronomical observations. 

Pi g. 2 in the plate, represents a stand to be used on a table, which 
in ay be more convenient for many situations, than the large mahogany 
stand. The telescope, wdtii its rack work, may be applied to either 
of the tw'O stands, as occasion may require, the sockets on the tops 
of both being made exactly of the same size. Ike sliding rods may 
be applied to the feet of the brass stand, so that the telescope may 
be used with the same advantages on one as on the other. 

The tube A A may be made either of brass or mahogany, of three 
and half feet long. The achromatic object glass of three and half 
feet focal distance, has an aperture of two inche s and three quarters. 

The larger size is with a tube five feet long, and has an achromatic 
object glass of three inches and one quarter aperture. 

The eye tube, as represented by B, contains four eye glasses, to be 
used for day, or any land objects. There are three eye lubes, as C, 
w hich have two glasses in each, to be used for astronomical purpose's. 
These eye tubes all screw into the short brass tube at D. By turning 
the button or milled head at/, this tube is moved out. of the larger, 
so as to adjust the eye glasses to the proper distance from tiie object 
glass, to render the object distinct to any. sig^, with any of the dif- 
ferent eye tubes. ' ^ 

'fhe magnifying power of the three-aud^half-feet telescope, with the^ 
eye tube for land objects, is forty-five times, and of the five-feet for 
land objects, sixty-five tim^s. With those for astronomical purposes, 
with the three-and-half-feet> the magnifying pbwers are eighty, one 
hundred and thirty, and one hundred and eighty ; and for th^ five- 
feet, one hundred and ten, one hundred and ninety ,'a,nd two, hundred 
and fifty times. . ^ 

Stained glasses, as are applied tct.^1 the tubes, to 

guard the eye in observing the spots on the sun. These glasses are 
to be taken off when the eye tubes are used "for other purposes. 

The rack work is intended to move the teleseojpViu any direction ^ 
required, and is worked by means of the two handle at A. > 'When 
the direction of the. tube, is required to be considerably altered^ the 
woriu-screws which act againisit the arc and the circle must be dis- 
charged : then the screw d being loosened, the pin of the rao^work , 
will move easily round in the socket A,. - 

, for t||p more readily finding or j^irecting the telescope)^;; ^y, 
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object, particularly astronomical objects, there is a small tube oi 
telescope, called the finder, fixed near the eye-end ot‘ the lar^e 
telescope. At the focus of the object glans of this fiudtT, there ate 
two wires, which intersect each other in the axis of the tube, and as 
the magnifying power is only about six times, the leal fiehl of view 
is very large ; therefore uny object will be readily found w thin it, 
which being brought to the intersection ofthewnes, it will .hen be 
wdthin the field of the tcle&cope. 

Ill viewing astronomical objects^ (and particularly when tli^' urcatost 
magnifying powers arc applied) it is very necessary to rcMidor the 
telescope as steady as possible; for that purpose there are two sets 
of brass sliding rods, i i, as represented in the figure. Tlie^«>e rods 
connect the eye-end of the telescope with lwt> of the legs of the stand, 
by which any vibtations of the tube that might bo occasioned by tiie 
motion of the air or otherwise, will be pievenled, arid the telescope 
rendered sufficiently stonily for using the grcMtest powers. Those 
sliding rods move within one another with so much (>ase, as to admit 
of the rack-work being used in tlic same imftinn- as if they wore not 

applied. 

Of the Mariners Compass. 

Tiik Mariner’s Compass is an instrument by which a ship is 
directed to any intended port. It is also of the greatest use in deter- 
mining the bearing of one object from another. 4 

The following figure is a representation of tlie card of a steering 
compass, with the names of eight of the points maikud; the other 
divisions indicate half points. 
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The circumference of the card of the compaRS is divided into 
thirty-two equal parts, called points ; the interval between two ad- 
jacent points is, therefore, equal to 11^ 15', and each point is subdi- 
vided into quarters, in azimuth compasses, the circumference of 
the cai’d, besides the usual division into points and quarters, is also 
divided into 3G0 degrees; and in some other compasses the quarter 
of the circumference, is divided into 06 equal parts, and hence each 
division is 56| mitmtes. Four of the points of the compass, namely, 
N, E. S.W. arc called cardmal points, being the principal points, 
and because the names of iiie others are derived from them. 

I'o the under side of the card, and in the direction of its north and 
south line, is attached a magnetic bar of hardened steel, of a rectan- 
gular form, called the needle, by which means the north en<l of the 
card is directed towards the northern part of the horizon ; .and hence 
the other points of the compass are directed towards the correspond- 
ent points oftlie horizon. 

The card and needle are suspended on an upright pin, called the 
mppm'tcr, which is fixed^to the bottom of a brass or wooden circular 
box ; and the whole is covered with a plate of glass to prevent tlie 
wind from disturbing the card. The box has two pins, one on each 
.side diametrically opposite. These pins are let into a brass ring, 
which is movable, in a square wooden box, on two pins at right 
angles to the formq|; by this contrivance, called the card 

remains nearly horizontal, although the ship should be considerably 
agitated Although the card be made to retain an horizontal position 
at the place where the compass was constructed, yet, when it is 
carried to any other place where the dip or iticlinatioti of the needle 
is considerably different, it will no longer remain horizontal, in 
order, therefore, to “Remedy this, one or two pieces of brass wire, with 
sliding weights, are placed below the card ; and hence, by moving 
one or both of these weights, the equilibrium of the card will be 
restored. 

Upon the inside of the circular box a black line is drawn vertically, 
which line is usually called lubhefs point. The compass should be 
so placed in the binnacle, that the line, joining the centre of the 
card and lubber's point, may be parallel to the ship’s keel. 

Before a compass is used it should be accurately examined. For 
this purpose it will be necessary to observe if the magnetic axis of 
the needle corresponds exaedy wiUi the north and south lipe'of the 
card. This may be easily examined if the needleas so ’constructed 
as to be capable of reversion. Thus, Iht the needle ^h4 :|^en 
the card, and suspended on a pin, aiid carefully '^o.dir^tkon^ 

of its axis ; reverse the needle, and again observe its direction ; then ' 
half the difference of these will be the niagncti<3 of die needip i 
and this line ought to coincide with the meridian bfthe caid. Otlier 
methods might be proposed to determine theangulaxAistaoce batwe^,, 
the meridian of the'card.and the magnetic axis of the needle; tW 
easiest of which is by/oonq>aring if with a < meddian 
drawn on a plane for the differeneclHktween die direcliplf i^l^ia paefi 
dian as shew n by the compas8'^4 '^ ^^® yariatioh ja.tfe erm. 
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JDesrrtpiion and Uke of lladley\ Qtiadtant 

One of the most useful and c onvcmont iiistriiiuenls for measiuiiii 
the altitude of a celestial object, is lladlej'b Quadiant, which c 
represented by thelollowiiig figure 



The form of the instniinent Ss an octagonal sector of a circle, and 
tsotitains 45^; hut, because of tlie double reflexion, the limb is divided 
into 

AB> and AC, are th< two radii, and BC the circle or hmb, 
whtcbi, together with die braces, PQ, foim the ocUnt, or fiame oi 
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the quadrant; A is the index glas.4, H the fore horizon glass, and G 
the back horizon glass, and £F the corresponding sight vanes; 1 
the coloured glass, the stem of which is put into the liule K, when 
the back observation is used* and L is a pencil for writing down the 
observation. 

The altitude of any object is determined by the position of the 
index on the limb, when, by reflection, that object appears in contact 
with the horizon. 

IF the object whose altitude is to be observed be tlie sun, and if so 
bright that its image may be soon in the transparent part of the fore 
hoiizori glass, the eye is then to be applied to the upper hole in the 
sight vane; otherwise, to the lower hole: and, in this case, the 
([uadrant is to be held so that the sun may be bisected by the line 
jo'ning the silvj[)red and transparent parts of the glass. The moon is 
to be kept nearly as possible *iii the same position, and the image 
of a star is to be observed in the silvered part of the glass, adjacent 
to the line of separation of the two parts. 

There are two different methods of taking observations with the 
quadrant. In the first of these the face of the observer is directed 
towards that part of the horizon immediately under the spn ; and is 
therefore called the /ore observaiim. In the other method, the ob- 
server’s face is directed to the opposite part of the horizon, and con- 
sequently his back is towards the part under the sun, and is hence 
called the back observation. This last method of observation is to 
boused only when the horizon under thosun is obscured, or rendered 
indistinct by fog, or any other impediment. 

This quadrant was first proposed by Newton, but improved, or 
perhaps re-invented, by Hadley. Its operation depends on the effect 
of two mirrors which bring both the objects of which the angular 
ilistance is to be measured at once into the field of view; and the 
inclination of the speculuins by which this is performed serves to 
determine the angle. The ray proceeding from one of the objects is 
made to coincide, after two reflections, with the ray coming imme- 
diately from the other, and since the inclination of the reflecting 
surfaces is then half the angular distance of the objects, this inclina- 
tion is read off on a scale in which every actual degree represents two 
degrees of angular distance, and is marked accordingly. There is 
alao a second fixed speculum placed at right angles to the movea- 
ble one, when in its remotest situation, which » then produces a 
. deviation of two right angles in the apparent place of ohisfdf the. 
objects, and which enables us, by moving the index, tq^ashre 
anule between 80 and 90^. * " ■; S 

This operation is called the back observation; it is however 
seldom employed, on account of the difficulty of adjusting the spe- 
culum for it with accuracy. The reflecting instrument originally 
invented by Hooke was arranged in a manner sotn|pwhat different. 
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OP THE CALENDAR. 

Although we have eorapleted the systematic pait of this work, 
we deem it necessary to add a short account of the Calendar, on 
account of its great importance in regulating time, and preserving the 
seasons and particular days to the same time of the year. And to 
render the work as complete as possible, we shall also add the 
method of performing the most interesting and important calculations 
in Astronomy ; whitfh we hope to do in a more siin))le and intelligible 
manner than what is to be found in works which profess to treat of 
this subject more fully than wo intend ro do. 

Having already treated fully of tlie cluinge of seasons and the 
regulation of time, we shall only obseive here, that the tropical year 
exceeds the civil year, live hours, forty-eight tniiiules, fnity-nine 
secoruls. Now if this diderence wore not attended to, the* seasons 
would soon happen in a didereiit time of the year from what they do 
at present. This circumstance was known long before the real length 
of the year was ascertained; and to prevent it fioin taking place, the 
Romans inserted intercalary days; but without much regularity, till 
the lime of Julius Caesar, who observed that the year was almost (J 
lioiirs longer than UG5 days: he therefore added a day every fouith 
year, which made that year UtJd days. This iiuercalary day was 
counted the 24th of February, and was called by the Uoitians, hvxIu 
calmduH Marims^ or the sixth of the calends of M arch ; there u us, 
therefore, in that year two sixths of the calends of March, whence it 
was called Bissextile. 

To find Bissextile or Leap Year, 

Rule. — Divide the given year by 4; if nothing remain, that year 
is leap year; but if 1, 2, or 3, remain, it ia as many years after leap 
year. 

Example, — Let it be required to find if the year 1825 be leap year, 
or the 1st, 2d, or 3d after it? . 

1825 -r- 4 =: 456 with a remainder of L ; 
therefore it is the first after leap year. 

Apfc.'^'^Even centuries not divisible by 4 are not reckoned Ie«p 
as 1600, 1000, 2100, dec.; bat 2000, 240(4 Ac. are 
tiiap years. 

vOF THE DOMINICAL LETTER. 

.it has long been customay to distinguish each day Uiroiighout 
^the year by one of the seven first letters of the alphabet ; viz. A, B, 
F, The first, A, is affixed to the first day of January, 
tfaeliext, to’.the second ; C to the third, and so on to the seventh, 
O; then Ai^ to the eighth, B to the ninth, &c. to the <^d of the year. 
By this means know» that if any letter be prefix^ to any day of 
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the w«ek, the fcanic loltei* will represent the same day of the week 
throughout the year. If the Istday of January, marked by the letter 
A, be a Sunday, all the other days of the year, which shall have the 
letter A prefixed to them, will also be Sundays. If the 3d of Janu- 
ary, for which ihc letter C stands, be Sunday, then all the days of 
tlie year, marked by that letter, will be Sundays, and for that rea- 
son it IS called the Dominical ot S unday Letter : the following letter 
will also represent the Mondays, and so on with the others. 

Asa common year consists of 335 days, or 7 limes 52, and one 
more, it follows that the loiter A, which we prefix to tlie first day of 
the year, ought also to represent the last, and ff it commenced on a 
Sunday, it would end on Sunday, and of course the next year would 
begin on a Monday, and the 7tli would be Sunday, which is marked 
by the letter D ; that letter will then be the Dominical letter, and as 
tliis year began on Monday, it will therefore end with a Monday, and 
the dd year will begin on a Tuesday ; then the 6th of January, marked 
F, will be Sunday, and that letter the Dominical letter for the yeai. 
In the same way will E become the Dominical letter for the 4lh 
yi ar, D the 5th, and so on in this retrograde order. 

if evciy y( <it consisted exactly of 8^ days, in the course of seven 
years, the same t ay of the moiiib would fall on the same day of the 
week ; but, a** eveiy 4tli or leap year consists of 366 days, which is 
e<|ual to 7 times 52, and two more ; therefore if a leap year begin on 
a Sunday, it will end on a Monday, and the following one will begin 
on a Tuesday ; of course Sunday will fall on the 6th of January, and 
F will be the Dominical letter for the year after Bissextile, sup- 
posing A to have been the Dominical letter for Bissextile, 

By means of Bissextile, the order of the Dominical letters is inter- 
rupted every 4 years, but again returns after 4 times 7 or 26 years, 
'rills is what IS called the Solar Cycle, after which the days of the 
month resume the same order as before. Because every Bissextile 
coii-isU of 366 days, the intercalary day is adided to the end of Fe- 
bruary, which, in that year, will have 29 days,* and therefore the first 
Dominical letter in .March will fall a day sooner than in common 
years, so that leap year will have two Dominical letters, the one 
serving to the 29th of February^ and the other the remainder of the 
year. 

^ It is supposed that the Solar Cycle commenced 9 years A. C., and 
that it was leap year; therefore to find what year ot that Cycle any 
proposednyear is ; to the given year add 9, and divide the sum by 
26, the remainder, if any, is the year of the Cycle, and the quotient 
shows the number of Cycles since the birth of Christ : if nothuig 
remain, it is the 26th year of the Cycle. 

What year of the Somr Cycle is 1825? 

163 1 

1825 + 0 =85 Cyt-Ie., «uid 14 renittn.. 

whicli is the Solar Cycle. 
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To find the Dominical Letter. 

the given year of our Lord add its 4th pait, neglecting 
any remainderti; divide the sum by 7» and the retiiaindei taken trom H, 
viiil be the index of the Dominical letter in common yeais, (remem- 
bering that A IS 1, B 2, C 3, d^c.) but if iiothiug reiiiain after dividing 
by 7, then A is the Dominical letter in common yeais. 

In leap years, to this letter is prefixed its preceding one, in the 
retrograde older which these letters take, which becomes the Domi- 
nical lettei 4fttr the month of Febiuary. 

Example- — Kequind the Domiiural letter foi the ^ car 182o? 

Here, 1825 divided by 4 is 45(1, which add«d t> 1825 is 2281, 
and this divided by 7, led\os a icmaindcr of 8, which taken from 8, 
leaves 2 for the iiidt x of the leUei ; thert fore B is ihe Dominical 
letter tor that yeai. 

or lllE OOIDEN NUMEKK. 

As it js well known that the periodical returns ol the Sun and 
Mooti are constantly the same, and that the moon moves moiiy 13 
times tasUi than the sim, it follows, that, after a ceitam number ot 
revolutions, these two bodies w^ill again bem conjunction in the saim 
[ildi e ot the h( aveus. 

\ <*itck astioiionniei, named Melon, discovcu d, that llic spaena 
ot ti Hi necessaiy to bniia this phenomenon about was it) >ears : this 
peiiol Ins, on that account, been called tin* Metonic Cycle, uiid 
was V(MY much used by the ancients for determming the time'* ot iicw 
and tuli moon. Toi, ac<*uiding to that peiiod, the new .iiid full moon 
ought to happt n the same day, and at the same hoiit of tlic day , av 
the end of every 19 years. Therefore, if the day and lioui of any m w 
or Jull moon be known in the interval ot 19 years, all the nr w and 
full moons, for the preceding and following years will be known. 

At tile time of the Council of Nice, where the epu suon ot fixing the 
Feast ofEaster was discussed, this cycle, of which they made so 
much use, served as the foundation of their computations. They 
had found by observation, that in the first year of the cyck the new 
moons happened on the 23d of January, 2lst February, 23d March, 
^c. opposite t > these days, iii the calendar, they vtrote 1. They had 
also found, that« in the second of the cycle, the new moons happeifed 
on the I2th January, 10th February, 12th Marcu, See. opposite these 
they wrote 2; and so on for the other years ot the cycle. By 
this means the year of iht cycle being given, they found, by inspec- 
tion, all the new moons of that year, in tlie same column of the 
calendar; and, on account of the great use of those nutabers, they 
were written in characters of gold. Hence the yCar of the cjrcle Ium 
mceived the name of the Golden dumber. 

To find the Oofden Number. 

Rule. — ^To the given > i ar add I ; divide die sum by 19. The 
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quotient is the number df cycles elapsed since the commenceme ni of 
the Christian era, and the lemainder will be the golden number i'loin 
the last cycle. 

Example . — Required the golden number for the year 18*J6? 

Then 1825 + 1 =: =: 06 cycles, and 2 rcmaiD^, 

Inch is the colden number. 

^\s llic solai year exceeds the lunar year by 10** 21'* 0' 11", or 
I'carly 11 these intercalaiy days are named the%pact. 

llie epiKi IS nothing when the golden number is 1. it is II 
the goldrn u\ n.ber is 2; 22, or twice 11, when the golden ntimbci is 
8; and whin the gohUn number is 4, the epact is 8 limes 11, or 88, 
or latlici 8, b( cause, when the number is more than 80, the exivss is 
calUd the i piict. 

To Jind the Epact 

Bvle . — J'loiii the goldtii number of the given yeai subtiact 1, mul- 
tiply th( reiuainiUr by 11, and divide the product by 30, if it exceeds 
that nunibei ; tin leindinder will be the opact. 

Ha ample ~ Hiquiied the epact for the year 1825, the golden 
nutnUi bung 2 ; 

2 — 1 =: 1 X 11 =i 11, add thciefoie 1 is the epact. 

li the opart, foi any yeai, be subtracted irom a mean lunation, or 
519** 12** 44' 8", the leinaindei wdJ be the mean new moon in January 
tor that year : and as that nioutn consists of 31 days, or a day and a 
half inoie than a mean lunation, if to the epact we add this day and 
a half, and subtinet the sum from a mean lunation, as above, wc shall 
obtain the time of new moon in Febtuary ; and as that month, in 
common years, consists of 28 days, the months of January and Fe- 
biiiaiy touethei make 59 days, or very nearly two lunations, the new 
moon in IVIarch will therefore fall nearly at the same time of that 
month, as in the mouth of January. By augmenting the epant in 
this nianm r, by the excess of each month above a mean lunation, and 
retrenching from that sum a lunation, or 29*^ 12'* 44' 8", we shall have 
the mean new moon for every month in the year. Likewise, by adding 
half a lunation, or 14** IS** 22' to the day of new moon, we shall have 
the day of Jvll moon. But, to avoid fractions, we generally give 30 
davs to a lunation or synodic period, and aild nothing to the epact for 
January and 2 for Febiuary. For March we add 0« for .dcpril 2, for 
May 2, June 3, July 4, Augusts, September 9, Octobers. Novem- 
ber 9, and for December lO.*** 

This method will not difl'ir above half a day from the time of the 
true conjunction, and often agrees very nearly; flierefore it maybe 
accounted sufficiently exact for ordinaiy purposesu ,ln the 
manner, we add 15 days to have the day of the following jfo/f moon. 

* These numbers are termed the tiombersnf themchthu 
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For exaiilplOf th« cpact for 1814 was 9, which subtracted from 30, 
leavea 21 for the day of new moon in January and also in Maicli 
For iPebrunry, we, add 2 to the epact, and take 11, the sum, from 30* 
and there remains 19, the day of new moon in February. For April, 
w e add 2, and take the sum from 30, and the day of new moon for 
April is the 19th. For May, we add 2, and the new moon is the 
,19ih, and so on. 

As the epact of any year determines the number of days elapsed 
from the last new moon to the 6rst day of that year, if we wish to 
know the moon’s age on any day of any month, w e only need to add 
the number for that month, as given above, the epact, and day of the 
month into one sum, and if it be less than 30 it be the moon’s age on 
that day, but if the sum exceed 30, that quantity must be retrenched. 

To Jind the Time of the Mom^s Southing, 

As the moon, at a mean rate, comes to the ineri<lian -10 minutes 
later on any day than the preceding day, multiply her age by 49, an<l 
the product is ilie time of her southing in minutes ; or multiply her 
age by 4, and divide by 5, the quotient is the hours, and the remainde 
luiiltipiied by 12, the minutes when she is soutli, or on the meridian. 


To find the Time of high Water at a known Place, — Common Method. 

Ilvle . — To the time of the moon’s southing add the time that it is 
high w ater at the given place on the days of full and change, the sum, 
if under 12, is the hour of high water in the afternoon of that day ; if 
it exceed 12, subtract 12'' 2T ; from this again take 24 minutes, and 
it will be the time of high water in the forenoon of the given day. It 
is however necessary to remark, that this method is only an approxima- 
tion, and may, on some occasions, be an hour, or evrm an hour and a 
half, wrong. » 

CYCLES, EPOCHS, &C. 


If we multiply the solar and lunar cycle together, that is 28 and 
19, we shall have a third period of 532, which is called the Victorian ^ 
or Dionysian Period. At the end of the above number of years, not/ 
only the new and full moons return to the same days of the luoiiths, 
but to tbe same day of the week, and also die same Dominical 
letters, and all tho moveable feasts return in the same order. On 
this account it is called the Great Pascal Cycle. 

V To find the year of the Victorian Period answering to a current 
,y^&r, because the birth of Christ happened in the 457th year of that 
.period ; to the year, of our Lord add 457 years, and divide the sum 
5(39, the remato^er will be the year of the period. 
'^v:\J&afffp/e.-^ilequired what' year of the Victorian Period the year 

-h 457 4, and there remains 164, Uie year 

■rjoif 
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Besides the cycles of the sun and moon, the Romans employed 
another cycle, which they called the Cycle of Indicdon. It was a 
period of 15 years, but had no respect to the movement of any of the 
heavenly bodies. It is believed that it was established to exact 
cerlain tributes or taxes of the provinces. 

The Emperor Justinian ordered that it should be observed or no- 
ticed in the public acts ; and the Popes still use it in their Bulls, and 
they fix the commencement of it to the calends of January, but the 
Romans ^ave it another epoch. The frmrth year of this cycle coi- 
responds to the first of the Christian era; therefore, to find whatycai 
of the cycle corresponds to any given year of the Christian era, add 

to the given year, and divide the sum by 15, the remainder is the 
> ear of liidiction. 

Example . — "What year of the Indiction was the year 1825? 

1 rtoo • 

1825 4-8=_^ zzl21, and 13 remains for the year of Indiction. 


OF PERIODS AND EPOCHS. 

The continued multiplication of the solar, lunar, and indiction 
cycles, that is, 28, 19, and 15, gives what is called the Great 
Julian Period* of 7980 years, which is supposed to have commenced 
784 years before the creation, and that then the three cycles began 
at the same time. It is not yet completed, and it comprehends all 
the other periods, cycles, and epochs. Tliere is not more J;han one 
year in* all the period that has the same number for the three cycles, 
and therefore if historians had marked the three cycles in their annals 
for every year, there could have been no dispute respecting the time 
that any event happened. The birth of Jesus Christ took place in 
the 4713th year of the Julian Period. Therefore, to find what year of 
that period corresponds to any current year, Udd 4713 to the given 
year, and the sum is the year of the Julian Period. In this manner, 
the year 1825 will be found to be the 65d8th year of the Great Julian 
^ Period. 

These are the principal periods ; but there are others less used, 
SMph as the year of Jubilee among the Jews, which was coihposedof 
seven years of Sabbaths, and returned in about 49 or .50 years. 

The Olympiads among the Greeks, which* consisted of four years ; 
and the great Platonic Year, so celebrated among historian's, which 
contained the entire revolution of all the stars frem the poi^ irom 
whence they set out to tlie same, again. * . 

As there are in the heavens certain fixed points from which astro-^ 
iiomers begin their calculations, histortaos'have also other fixed points 
which they call eras or epochs, from whence they set but in fixing 
the time of any event. ' ^ 

The most ancient of these is dm Creation of the World, the next 
is that of the Deluge, 2956 yiokrs before the birth of Jesus Christ; 

» Fccttn Jul^^i^^eri its Invent^. / ■ 
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the third is that of the Olympiads, which began in Groocc 776 years 
before Christ, in thc5 39dBth year of the Julian peiiod, tlie auhir cycle 
being then 18, the lunar cycle 5, and the Homan iudiction 8. 'Ihe 
next remarkable epoch is that of the foundation of Home towards 
the end of the third year of the Cth Olympiad, 75il years before 
Jesus Christ, in the BtXJlst year of the Julian Period, the cycle of 
the suti being then 13, the cycle of the moon 9, ami the iiidiction 1. 

'riie next, in order of time is that of Nabonassar, king of Babylon, 
to famous in astronomy. It lias been employed by Ptolemy, Alba- 
tegniiis, Alplion>o, Copernicus, and many others, as the most proper 
era tor (;aicuinriiig the moliotis of the stars. It began, according to 
Ptolemy, in the -ith of the calends of March, on a Friday, 747 years 
before Jesus (’hrist, in the year 3907 of the Julian Period, the first 
year of the tiih Olympiad, the solar cycle being 19, the lunar cycle 
io, and tlic iridiction 0. 

Alter this epoch we have that of Alexander the Great, 424 Egyp- 
tian years alter the cornnumcement of tlie era of Nabonassar, for 
Alexander died at Babylon in the 33d year of his age, the first year 
of the I I4lh Olympiad, on the 3d of the month JJesii, according to 
some historians, but aecordiiig to others, on the 23d or 27th of the 
Julian calendar, which is tlie 20th of May according to the one, and 
the 9th or 23d June according to the other, and according to some 
the 25th July. 

But the astronomers who have employed those epochs, as Alba- 
tegniiis and others, fix it to the 12th of November, a Sunday at mid- 
day, the fust day of the Egyptian month Thoth, 324 years before 
Jesus Chiist, in the 4390tb year of the Julian Period, 279 years before 
the commencement of the Julian Epoch, and 424 complete Egyptian 
}ears after the commencement of the era of Nabonassar. 

The era of the Syrians and Chaldeans began in the reign of Seleu- 
cus Nicator, who succeeded Alexander the Great, and reigned in 
Syria and in part of Africa, after the death of AUxaiider the Great. 
I'he Julian epoch, adopted by Julius Caisar, began on the 1st of 
January of the year of the Confusion, which is found to liave been on 
a Tuesday. This prince, seeing that the year established by Numa 
Poinpilius, the second king of Rome, consisted only of twelve lunar 
months, and that such a division of the year did not accord with / 
sun, ordered, in tlie fourth year of his consulship, 708 years after tl/s 
foundation of Rome, in the 731st year of the Olympiads, 45 years 
before the birth of Jesus Christ, that, in future, the year should con- 
sist of 385 days 6 hours, which was afterwards, and is still, called the 
Julian Year. 

The Spanish Era began in the reign (if Augustu.s, in the 7th year of 
the Julian Era* ,3B years before Jesus Christ, 715 years alter the 
foundation of Rome, and in tlie 73Bth year of the Olympiads. It is 
said it was 'occasioned by the divisiou of the empire. Spain was 
given to Augustus, and when lie fitst took possession, to render that 
day memotaUe* it was fixed upon for an epoch, and computed from 
afterwards,. Ab McQrdio Hegni At^usti I'hose four words were 
afterwards abridged, end reduced to the initial letters. Tliis, accord- 
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ing to some autliors, was tin* origin of the word A EH A, which now 
$erve.s to mark the epoch from whence years are r<‘ckoijed. 

I’iie next epoch following in the onler of time, the most renowned, 
and the best known of any, is the Incariiation of oiir Lord Jesus 
Christ, which, on that account, is calle<l the Chrblian Era. 

It began the first niiniitc after the ^Jlst December immediately after 
his mrfA, which was on a Saturday, in the 4714th year of the Julian 
l\?riod, 753 years after the foundation of Home, in the 747lh year 
of Nabonassar, and 3*J4 years after the death of Alexander the (iieat, 
the solar cycle licing 10, tlie lunar cycle 2, and the liomun indie- 
tioii 4. 

'riuTe are other piTiods less used, as tliat of the Emperor Diocle- 
beginning on the. 21st April, in tlie 2H4(h year of Jesus Christ, 
and 4007 of the IViiod. There is also the Epoch of the ijthio- 

piniis, oftlu' Abyssiiiians, and ot the IMuitjTs, because of the great 
p<‘rs<*entM)n that lie* ('hristians sutVeivd in that reign. 

'rhne* is also the llporh of the Tnik.s, wliu h is called the Hegira, 
ami which Ingiui with the FUtjht of Mahomet fiom Mecca to go to 
(viibriel, oti I'licsduy lilt* IGih July, in the G22d year of tin* (Miristian 
Era, at whi(‘h time Mahomet preached and spread false doctrine, 
'fiiat of th(' Persians is named the Jesdegiid, from the name of 
»)!»(* of tlM*ir Kings, who <lied on WediK'sday tin* lOlh July, in the 
032 yt'ur of the Christian lilra. 

Tli<‘ Jew s, in their (hilendar, reckon the creation of the world lo 
liave taken place 3700 years before the Clirisftan Era* 


To Draw a Meridian Line, 

Upon a plain board, sot parallel to the liurizoo, describe several 
concentric circles ; in the centre of these fix a gnomon, or stile, ex- 
actly perpendicular to the plane of the board, and of such a height 
as the shadow of it may fall upon the circumferfiiice of all the circles 
at ditleront times of the day : mark the point where tlie top of the 
stile falls in the forenoon, which will be on the circumference of one 
of the circles ; then watch the time when the shadow falls on the .same 
circle in tin* afternoon ; and a line draw^n from the centre or stile 
bisecting the distance between these points will be in the direction of 
the true meridian. 

The reason of several circles being drawn, is to observe the shadow 
of the stile on any of them, in case the sun should not be shining oitt 
in the afternoon, when ho w^ould throw a shadow on the same circle ; 
and also to perform the same operation with each circle, in order to 
crHiire accuracy, by taking the mean of the observations. 

I'he best time of tlie year for doing this, is about tlic time of the 
summer solstice, when the daily dilTerence of decimation is feast 
The n ason of this opposition may easily be perceived -for at equal 
distances from the meritliau, the sun will have equal altitudes, aad, 
of course, the shadow of any object will have the same length. 
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Of Jindliig (he iMlitude of a Place, 

The latitude of any place is e€|ual to the altitude of the pole above 
the horizon of that {.dart- ; therefore the poles will appear in the ho- 
rizon of a place which has no latitude, or that is on the equator. 

Tins problem is nothing* else, than finding the elevation ol 
the pole above the horizon ; hut as there is no star exactly in the 
pole of the heavens, take any star which is not more than tP’ or 10'> 
fioin the polo, and observe with a quadrant its greatest and least 
nieiidiaiml altitudes; then if both observations arc on the same side 
of the zenith, half the stiw of the altitude is the latitude, ff the ob- 
servations arc on difieront sides of the zenith, half the dijffhvnce of 
tliO altitudes is the co- latitude. 

Note - — There will be about twelve. hours between the observations. 

Of the Magnitude of the Earth, 

'fo find the magnitude of the earth is a problem of such impoitnnco 
in astronomy, that it has been attempted by some of the ablest matlie- 
inaticians, in almost every age, since the days of J^lialosthenes to 
the present. Tin; iTeiich mathematicians, by connecting a scries ol 
triangles, have lately measured the distance from Dunkirk to I'or- 
nicntera, which corres[>onds to an arc of the ineridinn, of 12^^ 22' 
and from this extensive base the circumference of the eaitii 
is coinpuled to bc2l,8or)’42 Kngiisli miles. 

A degree of the meridian has been measured indiflerent lati|||udes, 
by several astronomers, in order to ascertain the triici figure of the 
enrtti, as well as to determine its magnitude. Mapertiu^, along with 
some other mathematicians, measured a degree in liUplaiid, at lat. 
(j« 20', and found it 57,43« toises. 

Aiiotlicr, by La Mire, at latitude 49^ 22', which was found to he 
57,(t74 toises. 

' ^ Toiftcs. 

By Cassini and La Caille, at latitude 45^ ’= f)70*00 

iTy (Pennsylvania) lat. tMf zz 50HB8 

By Boscovich . . . .40' — 50979 

By Jnan and TJHoa . . . 93^ 18' =r 57037 

By Dolumbert (France) . . 40-' 12'z: 57018 

By Bougucr (Equator) ... . 50753 

By De ig Condamini . . . 5fl749 

A Toise is zz 1*00577 fathoms. 

By comparing those numbers with each other, and taking the 
StHthmetical mean of the whole, the equatorial axis is to the polar, as 
230 to 228*92974, which is nearly what Sir 1. Newton made it by 
calculation long beftire. 

From this it is plain the earth is not exactly spherical, but is a 
kind of oblate spheroid, flattened at the pules. 

This proportion makes the equatorial axis exceed the polar by 
about 34 miles, but some think this siatenient rather exceeds the 
truth, and give the compression at 25*66 miles. ' 



fl6 TO FIND THE OBLIQOITV OF THE ECLIPTIC. 

The method of [jerforniing the operation of measuring a degree 
of the ijo ridiaiial arc, and its corresponding arc of the earth’s sur* 
face, is ai>undantly simple in theoiy', although there is scarcely any 
operation more diflicuit in execution. It is performed by measuring 
a base line as nearly as possible in {he direction of the meridian, tliea 
bnding exactly the difl'ereiice of latitude between the extremities of 
the base line. Then, us the dift'erence of latitude or celestial arc is 
to the measured base line, so is one degree of the celestial arc to the 
length of a degree of titc earth's surface, in the same measure as the 
base line was taken. 

In a similar manner may the circumference of the earth’s orbit be 
obtained from knowing the sun s parallax : thus, 

Sinf], 

ej" : 300'-' : I :: 14!).i3H, 

the circumference of the earth's orbit. 

To find the distance of the sun and earth; then 
snuls. urnnids. 

3111(1x2 : 14t»538 :: I : 
the earth's distance from the sun. 

From tho above dimensions of the earth, it appears that one degree 
on the globe is nearly 69^ Imgtisli miles. 

The leiigib of a degiee may be found, very nearly, by the follow- 
ing tiioorem . 

J^l L = the latitude, then (J97C I— (295*75) co-sine 2 L* will be 
the length of a degree. 

Ilequirt'd the length of a degr<;e of the meridian, at 
latitude 51^^ 7 Heie the co-sine of the latitude is ‘6293, which multi- 
plied by 2, and by the number 295'75, gives 370, which subtracti^d 
from 60701, leaves 60392 fathoms for the length of a degree of the 
meridian, at latitude 51^'. 


To find the Obliquity of the Ecliptic. 

Iftt/c.— L et the meridian altitude of the sun’s centre be obserred, 
, on tile days i>f the summer and winter solstices ; the difierencc of 
^ i^ose altitudes will be the distance of the tropics ; and half that dis- 
tance will be the obliquity of the ecliptic. , 

Rule 2 -Or if the latitude of the place he known, the meridian 
altitude of the sun, at the summer solstice, lessened, by the co-lad- 
tude, will give the obliquity of the ecliptic. 

The obliquity of the ecliptic for the year 1825^ is 2JP 27* 44^ . By 
comparing ancient observations with what have Mtely been made^ 
it appears tliat the obliquity is decrea^g at the rate ol annually. 

Rcniwrk. — By this last rule the d^Iinadon of a fixed star may 
also be determined. 


* The number 60761 is the raaiul uf (he glebe, at latitude 
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To Jind the Time of an Equinox. 

Ai a place, the latitude ot vliich is known, lit the sun's mendian 
altitude be taken the day lx tote, the^ cquiuoa ib expected to happen, 
and aUo the day afu i , then the differuice between those altitudes, 
and the co- latitude, will be the sunN declination on those two day* 
when the altitudes were taken. 

It either of the ultiUides be equal to the co-latitude, tlmt observa- 
tion was made at the time ot tho equinox it not orocecd thus : 


^ A 


I 


Let ABC be a portion ot the e(|nalor, and D B L an nrc ot the 
fdiptK, D th( plate ot the mhi at the tirst obsiivatioti, K his place 
at the second, and B the iquiYioUial point ; also, A D the ddhiiatioii 
at first obscHation, and JbC at second; thin in tin iicht anf,>hd 
sphoricdl tnain^h s, A B U and L B (lieic tre |>i\(rithi }hhqtiit\ 
ot the ecliptic, and the dec hti ition A D and J'C, to tind tin sides 
DB and C B, which bniu loiind, (ii< to be added tocithii* then 
sa\, D B -f- li B IS to 1) B, s(» is 24 houis to the tiuit belwern the 
first obsenation and tlu inonxiit the sun cntcud the equinoctial 
point. 


7b find the Pei xodic Time oj a Pit net. 

This is best done when the planet has no latitude, or in the 
ecliptic, It will then be in one of its mides, this tunc is to bi caic- r 
fully noted, and compaied with the time when the planet has a hlj^ 
position, botii in latitude, longitude, right ascension, and the line ot Its 
apsides. If the planet ha> only pcrioinied one revolution, the inter* 
vaJ betwixt the two observations will be the pei iodic time of the 
planet ; but if it has perfoiiued more revolutions, (he iiitcrvul is to be 
divided the number of revolutions, and the quotient will be the 
penodfc time. From this it is evident, the greater the iiiterval, or the 
greatur the number of revolutioni, tlie more accuiutely will the pe« 
riodic time of the planet be found. 

In this manner the length of tibe tropical year is found to be 305^ 
0^43' 48"; the sidercEial year and the anomalistic 

year 366^ & 14' 8". 

'Fhe tropical year being shorter by 2(1' 23'' than the sidereal, shows 
(bat the sun has* returned to the same point of the ecliptic, before be 
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bas nmdo one entire revolution with reg;arcl to the stars; coiise- 
cjuoiitly, every point of the ecliptic must have moved backward, or 
in untecedtiUin, and this motion i^ called the procession or recession 
of the equinoxes. 

The <|uaritity of the rec» ss:on may be found as follows : 365‘* tf' 1/ 
11" : 3(30“ :: 20' 23" : ."jOJ" the recession of the equinoxes annually, 
which milks one de^n e m arly in 72 yeais ; so tliat in about 21(30 
years these p(»ints ch.'inue u wliole sign in the zodiac, and in 25, 020 
yeais will go entirely tound the heavens, and perform what is called 
the grand ceh stial period. 

A sidereal revolnlion being performed sooner by 5' 51" than the 
anomalistic, shows that tin* ime of the apsides has a motion in row- 
avijuetdia; for, (3'* O' 1 1" : 365'* 6'* 14' 2" : 5' 51" :: 15". the 
yearly (|uantiiy by which the sun’s apogee is advanced with respect 
to tile stars : and as the equinoxes move 50^" in aiiteci'deiitia, and 
the apsides in 15" consc'qiientia, their sum ((>5|") is the motion of 
the apsides from the eipiinoxes. 

I’he peiiodie time of the moon, (sometimes called a periodic or 
lunar month,) is the time which she takes to revolve from any point 
other orbit to the same again is 27** 7*' 43'. 

A synotlical inoiuh, or the time which the moon takes in passing 
from one con junction with the sun to another, is found to be 2D'* 12'* 
4 r 2-3", l)(‘ing 2'* 5'' I' 24)" longer than the periodic month. 

lliis diH'erence arises from tlie earth’s motion in her orbit; for while 
the moon is passing fioni one conjunction to another, tlic earth will 
have mlvaiiced considerably in her annual course; thercfoiv, the 
moon must advance as niiicli more than one fevolution as the earth 
has doiK* since the lust conjunction, before she he aguiii in conjunction 
with the .sun. 


2b Jind the Sun*$ place in the Ecliptic, or his Longitude, 

Having the sun’s declination and the obliquity of the ecliptic, his 
longitude and right ascension can easily be found, and tables formed 
which will give his place in tlie ecliptic, answering to his declination, 
Lfor every day in the year. Thus, to find the sun’s longitude, the rule 
bit analogy is as follow's : 

As sine obliq. eciip. is to sine decliiiatioii, so is radius to sine sun’s 
longitude. 

To bnd the sun’s right ascension the analogy is this : 

As tan. ob. eclip. is to tan. declin. so is radius to co-sine right 
ascension. ' 


7b Jind the Right Ascensiim of the Stars, 

Having the sun’s place in the ecliptic, and a welbrcgulated clock. 
The clock being adjusted to Sidereal time, when the suu is on the 
ineridian, point the hand to the inomeot from whence the time is to 
reckoned ; and observe when the star comes to the meridtan 
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then mark the hour and minute that the hand shews on the dock. 
The time described by it, turned into degrees and minutes of the 
equator, will be the dilference between the right ascension of the sun 
and stars. This dirterence beinga<ide<l to llie right ascension of the sun, 
will give the right ascension of the star. The riglu ascension of one- 
star being known, that of any other may bo obtained by it. Tins is 
done by marking the time upon the clock, between the arrival of the 
star at the meridian whose right UHceiision is known, and the o-hcr 
star whose right ascension is to be found. 'I’his time, converted iiit{» 
lionrs and minutes of the equator (or mean time), will he the dilfcrcnce 
of right ascensions; hence, by addition or subtraction, the right 
a.scension of the star required is found. 

The right ascension and declination of any star being known, its 
infitiideand longitude may be found; and hence, raialogu'ts iiiay l )0 
furiiiod of all the stars that are visible in the heavens. 


To find tin* greatest Etjuation of the Centre.'* 

The equation of the centre of any planet, aieaiiH the clitrcreiicc <jI‘ 
the rmlius victor moving in a circh^ at d us moving in the planet's 
orbit : or it is tin* dilferoiice b<*tw<;cu tlic true and m(*an anomaly. 
And as these are no where the same, but when the planet is in its 
[M'lihiiion or aphelion, their diiVereitce is called the ei|uatii>n to the 
ecntrt*; which is greatest when the suu is at his mean di^tamu* fiom 
the earth. Thoreibre, tind the sun’s longitude when he is at his 
mean distances from the earth, wliich is about the beginning of Oc- 
tober and flic end of March ; then the dillcretice of longitude will be 
llic sun's tiue motion in that interval of time. Tind, also, lii.s mean 
inotiuri for that iiileivul of tinui : then half the didereuce between tlic* 
true und mean motions will be the greatest e(|iiatiori of the ceutie. 
The Miirs mefcn motion for any interval of time, may In; found by 
multiplying hii? daily motion, 59' U"*y8.>G47’of a <lay, Iiy ilic days ami 
parts of day in that interval. 

Or say, 395^ 242204 : 300" \ if the ‘time be reckoned 

from 1st of January, it will be the .Hiin’s mean anomaly; but if from 
Aries, it will be his longitude, us under :t‘ 

Example , — To find the greatest equation to the centre. > 

In the year 1024, October 1st, at23‘’4H' 12", mean lime, tin sui/s 
longiltidc was 0'*J)'^ 32' 0", niid in 1H25, Matcli 29lii, at 4' 50'', 
mean time, hi> longitude was 0" H »>0"'27 ; ihcrcfhuc the Inic dillcr- 
eiice of longitude is 23'" lb' 27", uh<l the interval is 173'* 0*' 15' 3H", 
now 365*242204 : 360' ; ; 17«‘‘ t>10H5048 : 175*45584 175 27 

20" inean motion; jfLftd 179’> 18' 27"=:5*29° 18' 27" 

175 27 20 
2> 3 51 7 

rhe greatest equation to the centre, according to lbe.«n! observation 


I * This is called <he Kejilerian Problem, 
t liero 4 is the and x the mean nuitioii. 
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OF SOLAH AM> ^IDEHEAL TIME. 


To Jind the Kyuation of Time. 

Having already givni some account of the ditfcrence between mean 
and apparent time, we shall here show the manner of calculating that 
ditl'erence. As we have already said, it arises from two causes, and 
iheretore consists of Iwo parts, which being rightly put togetlier forms 
the uhsoliite (tejuation. One of these causes is the obli(|uity of the 
ecliptic to the equator; and the other is, the unequal motion of the 
(‘ill thill her orbit. 'I’he greatest part of the equation is that which 
arises from the foriiiei of the se causes, and is found by converting the 
diheieiice bc^twecii the sun’s longitude and his right ascension into 
tiiii'.;. His longitude and right ascension may both Im found from 
table s, or tioiu his declination and the' oblnpiity of the ecliptic, by 
solving a right-angled spherical triangles and hence their diiiercnee 
or this part of the ec|uation may be cjbtuinod. 

'riiat (lart of the equation arising from tlic iine<tunl motion of the 
c^aith, in ditrereiit parts of her orb:t, is found by taking the diil’eierice 
of the itii.*an and true anoniuhes, or the equation to tile centres and 
conveiting it into time, which is the second part of the ecpiatioii; and 
IS to be added to, or snbtractcal from, the other part, according as 
(hey have like or iirilikc> signs, in order to form the absolute c^cpiation. 
'rile proper sign is allixed to each of thcise quantitic^s, by considering 
whether the meuii time is pieccded by the apparent, or is preceded 
by it. 

While thcj eailli is going from her aphelion to her perihcdioii, the 
apparent time ((b peridiiig on this cause) will be before the mean, and 
tlierefore tins pan of the equation must be subtractcai from the appa-^ 
riMit, ill order to gain the mean time. But in the other seinicirele of 
her orbit it wiil be after it, and therefore must bo added to gain llm 

lUi^aii. 

Isom the I4th April to the 15th June, mid fioin the 13th August 
to the t23d DeccinUeV, that part of the equation depending on the ob- 
liquity of the eclijdic, is also to be subtracted fiom the apparent (for 
the* apparent is then before the mean); but from the 15th June to the 
31st August, and from the 23d December to the i4th April, it is to 
be added to die appaieiit in order lo gain the mean. 

'riie earth’s daily motion in apogee, or at her greatest distance 
i^roiii the sun, is 57' 12"; but in perigee, or at her nearest distance, 
it is dT 12". Accordingly, wo have Uie summer longer than the 
winter by eight days, for she is 3 days longer in passing through the 
iiortliei It half of her orbit than the southern. 


Of S‘}lar and Sidereal Time. 

A siOKHEALday is the interval between two successive transits 
of a star over the meridian. This interval is uniform, for all the fixed 
^lals, make their revolutions in equal times, owing to the unUbrinity 
of the eaith’s diurnal rotation about its axis. 
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The sidereal day is shorter than the moan solar day by U' 5<>"'5r>. 
This diffiArence arises from the sun’s apparent annual motion from 
west to east, which leaves the star as it were behind. Thus, if the 
sun and a star be observed on ony day to pass the nieridiaii at the 
same instant, the next •day, when the star returns to the meridian, the 
sun wdll have advanced nearly a degree easterly, (whieh is his <laily 
portion of the ecliptic) and as tlie earth’s diurnal rotation on its axis 
is from west to east, flic star will come to the meridian bef<»re the 
Min; insomuch, that, at the end of theyt'ar, it will have Lvained a day 
on the siin, that is, it will have passed the meridiiin Hiid limes, whib* 
the sun will have passed it but times. 

Now, as the vSim appears to perform his revolution of in a 
>oar, or .V' DlMd" : ;U>0 :: I'* : fif)' «"•;!, which is tin- spaee 
the suii would describe in a day, if all the d.i\s were of an eipial 
ength; and this space n‘duct <l to time, is o(>"‘or>, the excess of 

a mean solar dav abovt a sidereal dav. 

ir< ‘uce, it iippeaiv. that the eaitli describes about its axis an angle 
of tRlO in a mean solar dav, and an ani*le of ;R>0 in a sldt'- 

real day; therefore, as :i(>0' 5D' a":! : :: : -Jib, r>ij' V'-O!). 

the length of a sidereal day in mean solar time, or iho interval 
\ elween two siiecessive transits of a stir over the meridian. 

Hence, the following gctKM iii rule for converting sidereal into mean 
time, and the contrary. 

HuIp . — As 2 4‘‘ : 2:V' 4''*0D :: any p)rtioii of sidereal time to 
its (‘(juivali'iit in mean time. 

» And as 23'' 30' 4"-0D : 21*' :: any portion of mean time to its 
equivalent m sidereal time. 


To find the Eveentneiiy of * he JCaifh's Orbit, 

Having the greatest ecpiation of the centre, we (.an lasily find 
the ccccntricily of thii earth’s orbit by the followifi!^^ proportion : 

A-stlu* diameter <jf a circle in d<‘c:rLM-.s, 
to the diameter in efiuul parts; 

So is I he great ('s1 e<|uuliori of tin* centre in degrees, 

To the ecceiilrieiiy in equal jMrts. 

Example . — The greate.st ecj nation of the eeiitrc,is I'' 33' 33"* 1923^133, 
and the circu inference of a circle wlio-e di imcter is 1, is 3‘I4I392(>; 
then, 31415920 : 1 :: 300" ; 1 14 -3913009 iqmil ih. diameter; 
and 114 --3915009 : I :: 1-923033 : OOlOdOOl ecceniiinty. Hence 
1 + 0-0168001 = rO I GUOO, the aplieiion distaiKH'; and 
1—0-010800 = •983194, the perihelion distance. 

The eccentricity of the earilt's and moon’s orbit may also be found 
by observins: the variations of the apparent diamdt r of tin*, sun and 
mo5n during a complete revolution, (iiy a micrornoter) their distance 
from the earth being inversely proportional to the angle wfiluh they 
subtend. 

The ratio of thcii greatest and least diameters is a measure of the 
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rclalion betwccMi tlicir oreiitost aiid h*asl distancos, and consequently 
enables us toascerluin ibc eccentricity of their orl)its. * 

Thus, if the diameter of the sun be found to nieasure 3*2' 3*V'*C 
when the earth is iii oikj part of her orbit; and 31' 31" when in the 
op|K)site point (which is found to be the case on the 1st January and 
1st July) then w'ill the ratio of the diameter of the orbit bo to the 
eccentricity as 32'3.y'‘(i -3 1 *'3 1 ' zi 1 ' r'*C and (> t"*t» . 3i'3;V'*(> -f-3l'3 1 " 

— *0103 iHiarlv w hat it was found to be above. 

11)233" 

'Fhis method is more liable to error than the first. 


To find fhr Timrftftd Place of the Sun's \j txja\ 

Tiik apogee is tir.it point of tin* orbit whieh fariiusl fn.m the 
focus ill which the snn is placed; this probhin is tlieii'foie no more 
than todelernhne at what time tiie plaiid is fartlu‘st from the sun. 

Hy the decrease of the sun’s nppureiit dianu ter, w e can have an 
itlea wlnmthis ha[*pens,thouQ:h other niethods must lu^ had rt conise to, 
when W(‘ w'isl *o determine it accurately ; one of these is as follow^s : 
On the day ol two successive apsidos. o!»serve the sun’s place and the 
time. Then iflli" interval b<‘tween lh<»se times be etjiial to the half 
of 3(>;V‘ (f' I o' 23", and the dilfenmce of the sun's places bo equal to 
the half of 330” i' 3" (iwc space he (U scribes in the above time), thoi 
observations wck* made when the sun vvas in the apsides. 

Hut if those <d>st;r\<‘d intervals of lime and place dilfer from tlie 
above halves, take tlie diOerence between the interval of place ami 
UtO ’ 0'33", Tin'll to the daily motion of the sun in apo^ot' (which is 
57' 12") the said tliflbreiice and 21*' find the proportionul time : which 
proportional time, and difter^'ticc beinjj upplied to the time and places 
<iftiie apogeoii observation, gives a time and pl-dcc when it is 130'd)' 
33" distant from the observed perigeon place : now, if the interval 
of these times be 132'* 15s 7' 4*l.J"the times and places of the apsides 
aie known. 

«. But if the interval of time ditfers from 162*' 15“* 7' 44|", say, as the 
'UifFereiie.e between the perigeon -and apogeon daily motions, is to the 
daily nioUoti of the apogee, so is the difference of the interval of time 
to a second correction of the time ol the apogee ; which applied to the 
apogeon time, corrected as above, will give the true time of the sun 
apogee. Also, to the last correction of time, hnd the proportional 
motion of the sun’s apogee, and apply it to the last corr^ted place of 
the apogee, and the true place of die apog6e will be obtained. 


At an^ Given Time to find the Srn^s Mean Anomaly. 

Tiia time when the sun passes his aphelion being accurately as* 
certaiiied, the mean anomaly at any time may be found, by multiply* 
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mg tho sun's daily mean motion (which is 59' «") !>y the number of 
days, and parts of a day, which he is past his aphelion. 

Or, as the time of a tropical revolution, or solar year, is to the 
interval between the aphelion and given time, so is 360'' to the 
degrees of mean anomaly. 

Or, from the tables of mean motions find the sun's mean motion 
for the given time, and this will be the mean anomaly. 

If the earth's orbit wore circular, the sun's true place at any tune 
would bo the same as shown by the tables of his mean motion ; or 
ilie moan and true anomaly would always be the same. But the 
earth moving in an elliptical orbit, its true anomaly will difibr from its 
mean, in every part of her oibii, except when she is in her perihelion 
and aphelion, where they coincide. 


To find the Suns true Anomaly 

Having the sun’s luoan aiiotualy, and the dimoiisioiis of the 
earth’s orbit, tlic eccen trie ani iiialy may be found by the following 
analogy : 

As the uph<dioii distaiico 
Is to the perihelion <tistance ; 

So is the tangent of half the mean anomuiy 
'I’o the tangoiit of an arc A ; 

which arc being added to half the mean anomaly, gives the eccentric 
anomaly. 

Tlic sun’s eccentric anomaly, ami the dimensions of the earth's 
orbu fuMiitr known, to find the true anomaty. 

Jfuic.— As the sipiare root of the apheliini distance 

Is to the square root of the perihelion distance; . 

So is the tangent of half the eccentric anomaly 
To the Tangent of half the true Hriuinuly. 


To find the mean Anomaly fiom the true bnny ytcen. 

the square root of the pcriheiion distance 
]$ to tlie squire root of the apheliofi distauce ; 

So IS the tangent of half the true anomaly 
To the tangent of half Uie edcimtric anomaly. 

And, As radius is to the sine of the eccentric anomaly, 

So i$ the degrees in an arc ctjual i« length to the cccenliKuy ; 

To the degrees^ Sic. to tho arc of correction, which bciug added to 
the eccentric naomaly, gives the mean anomaly. 

ft 
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Greatest equation of die centre 1® 38'' 

Eccentricity in parts . . *01682 

Aphelion distance . . 1*01082 

Perihelion distance . • *08818 

The lop^arithm of the ratio of the square root of die aphelion dis- 
tance to the perihelion distance is 0*00781 ; therefore, if this con Uant 
log', be added to the lo». tangent of | the true anomaly, it will give 
the tangent of f the eccentric anomaly. 

And in the second proportion, the arc equal in length to the eccen- 
tricity 16B2, is also a constant quantity, which may be found ns 
follows: 100000 : 1682 :: 5r'*20578 : O'’* 1)6376 eccentricity, the 
log. of which is 0*98306, this added to the log. sine of the eccentric 
anomaly, abating 10 from the indices of the sun, gives the log. of an 
arc, the degrees, minutes, and seconds of which being added to the 
eccentric anomaly, gives the nican anomaly. 


TV) find the DistaneeB of the Ileavenfy BodicB. 


The distances of the heavenly bodies are found by discovering 
their horizontal parallaxes. The horizontal parallax of any body 
has already boon oxplaitiod to be, the angle under which the st'iin- 
diameter of the earth would app<*ar if it were seen from that body, 
and this is found out by various nu^thods. 

The parallax most wanted is that of the sun, by which his distance 
from the earth may easily be found ; and from knowing tki^, the 
true distances of the planets from the sun may be otained from thoir 
relative distances, by the second law of Kepler. 

Before the year 1761, the sun's parallax was always stated at 12|* ; 
but ill the above year, Dr. Halley discovered, by the transit of the 
planet Venus across the sun's disc, that his parallax vras only 8^^' 
which makes his distance much greater than it was then supposed to be. 

Having his parallax, his distance is found by this analogy. 

As Tan. Parallax . . 8"*6 ir 5*6227660 ' 

Is to Eartli^s semid. .1 =0 

So is Rad. . . . 00'’ =10* 

To dis. in Semid. Earth 23836*1=4^72384 
Semid. Earth ... 3081 =8*6000000 

Dist. in Eng, miles 94*897’172=7S772334. 


• The nearer any object is to the earth the greater vrill be its paral- 
m ; for the semidiameter of the earth must . Uie.n aopear under a 
greater angle. The moon btdng much nearer the ei&tth than the sun, 
, ^ her parallax is much greater : at a mean rate it amounts to 67' 26^, 
Her . distance iu*ay be found by the same analogy as that given for the 
. . .suft above, which will be found to be about 240,000 miles. 

When any object is ill die horizon, its parallax is greatest, and it 
v^'id^intshes as the altitu^ idf die object increases. In the zenith it 
parallax* . - 
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li' in'^st calculations, viiere the moon is coiiconied, it becomm 
ue^^essary to find her parallax in altitude; this is done by saying, 

As radius is to the horizontal parallax, so 19 the cosine of the alti- 
tude to the sine of the parallax in altitude. 

in the same manner may the distance of any planet be found, if its 
parallax be known. 

As the fixed stars have no sensible parallax, tiioir distance can 
only be guessed at; for though Dr. Bradley made many attempts, 
with the best of instruments, to discover the parallax of the star t 
D raconis, he never could find its parallax to amount to a single 
second. 

The distances of Mercury and Venus may also be dett^rminod 
by their greatest elongations from the sun. 

Thus, lots be the sun, T the earth, AVBthe orbit of Venus, 
which suppose perfectly circular, let V represent the place of Venus, 
at her greatest elongation, and join VT; then in the triangle *S T V, 
right-angled at V, the angles, viz. the angle V, and the angle S T V, 
the greatest elongation, and the .side ST the earth’s distance from the 
sun are known, therefore, the side S V, Venus’s ilistar*co from the 
Him may be found, and the side TV, Venus’s ilistance from the earth, 
may also be Ibund by plane trigonometry. 



The distanoes of die superior planets may be detenuiit^ 
retrograde motions, and sucli of them as have sateUtt^ 
eclipses of those aaMKtss. ^ 

^ R2 , 
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Let I represent Jupiter, S the bun, and £ the earth , join S 1| 
and produce it to M ; then I M is the axis of his shadow, the posi- 
tion ui whit h IS dilermintd by the eclipses of the satellites, and 
sb(Ms his heliocentric place Join T I and produce it to N, 
which will be the place oi Jupiter when si< wed from the earth The 
didereiice of these places rivcs the an(;lo N 1 M, or T I S; the elon- 
gation of Jupiter when vuwid from the earth atT ; ot tht angle ITS 
IS edsil} found by observation, consequently all the angles iii the 
tiiaiigU T1 S are known, and also the side ST, the distance of the 
earth horn tht sun; therefore the sides SI aiidTI may both bt 
found, and thus the distance of Jupiter from tho sun or the earth is 
obtained. 



In the banio figure, let I repieseut any of the superior planets, or 
any remote object of tlie system it, the point where the earth paAtos 
between the sun S and object 1, and let IT be a tangent dravtafrofA 
I to the earth b orbit, which suppose to be circulai : then the ea^ 
being at A, the object 1 will appear in tlie same place both to the 
' eailh and sun ; but when the earth comes to T, summsing I to have 
110 motion, it will appear to the earth to have gone backward by the 
arc that measures the angle T1 S, or tho HnglA which the earths 
distance from the sun subtends ni the object J ; and this SHgte being 
determined by observation, its sine will beta radius, as dT^ the dis- 
tance of the earth from the sun, to 8 1, the di<4lance of the firom 
the sun ; or as its oo-sine to TI, the distance of die objsot from tbo 
earth. 

It is in this manner that the earth’s annual paraliax H npeo b/ 
astronomers instead of the diumat^ip finding the distances of^chmoto 
objects not belonging to the solar systeusV thp semidmmeter of the 
earth bmng so bmaft m compausdn of tMa^i Stances that (hejr have 
found it necessiurt to BubMtiiute die shmtdthineifi*of hef^ orbit Instead 
dI jli which is caiied the aninial . 
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Ts ^nd the Periodie Time of a Planet, 

Thb times In whicb the planets perform their revolutions about die 
sun are known by observation ; therefore, having the distance of any 
one of them from the sun, the distance of the otliers may be found by 
Kepler's law. 'I'hus, suppose the distance of the earth from the situ 
to be 1, and it is required to find the distance of Mercury ; 

dOSjt* : : 88* : : *^^06805 =: *87; and so of the others. 


To find the Time of the SuiCs Rising and Setting^. 

Rnk, — the tangent of the latitude of the place^ add the tangent 
of sun's declination ; the sum, rejecting 10 from the index, will be the 
logarithm eo«sine of an arch, which reduced to time, at the rate of 
15^ to an hour, will l)o the time of the rising, when the declination is 
of the same name with tlie latitude; but tlie time of setting, when it 
is of a different name. 

Required the time of the sun^s rising in latitude 52^ 12' N., on the 
4th of May ? 

The sun's declination on the 4tli of May is 54' N. whidi is there** 
fore of the same name with the latitude. Hence, in the present 
example : 

Tan. 15^ 54' Log, 0*464828 

Tan. 52 12 Log, 10*110318 


Co-Sine 27' Log. 10 585048 

Now, 88^ 27' converted into time is 4 hours 34 minutes nearly ^ 
which is the lime of the siiu’s rising on the 4di of May, at latitude 52^ 
12' N, 


.To Jbid ike Time of a PUmei Rieing mnd j^ting, 

. In tlie same manner may half the lime of a star or rdanoi's conti- 
j^uaUci# j|bove the horizon ^ found; hut in order to find tfie time of its 
;. i(ldng,thk ^memustbe subtracted from time of its parsing tbe 
ViUC!ridiau; 'axid[ to'find the time ^ setting, it must be added t^; 
f < the time irf its pamtiglhe meridian, : . 

f As the^titpe of a planet's passing tbo meridian can easily be obtained 
from, an/t^hemeri»t and the titM of its half continuance above m 
Vhbrizon hy tbeiabove role, it is upi^^ssery to |lve an 
cbt»puting ^e;iime of > planet rising or lading* : • ' * ; 

; The iltoe Cf a fined slar'ssrisiiqf'bri setting is fohnd 
as tl^ a pk^^ 
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REAL MAGNITUDES THE PLANETS^ 


To Jitid ike Thne of a Star or Planet's pamng the Meridian on any 
Day if the Year, &c. 

Rule. — Frona tbc ascension of the star* subtract the rijiht 
ascension of the sun, for the pven day, and tlie remaiiuler will be die 

S roxiiuated time of the star's passing the meridian. If the 

t ascension be less than tile sun's, it must be increased by twentv - 
four hours. 

W^heii the time of the star's passag^e over the meridian is less than 
twelve hours, the time is p. M.; when g:rcater, it will be as many hour 
after 12 p. m. of the given day. 

The approximate time of a planet's passing the meridian may be 
found in the same manner, if its right ascension be known. 


To find the Real Magnitudes of the Planets. 

Having found, by observation, the apparent diameters of the 

I danets, either at their greatest or least distance from the earth, and 
mowing previously the distance of the earth from the sun, and also 
the distance of the planets, their real magnitudes may bo found by a 
simple calculation. Since the apparent diameters of iJistant bodies 
vaiy inversely as their distances, it is easy to ascertain what must be 
the apparent diameter of each of the planets viewed from the auu ; 
or, what is better, the apparent diameter of each of the planets; viewed 
at a distance equal to that of the sun from the earth. 

Example, — Venus s mean distance from the sun is known to be 
about tin, 000, 000 miles, and the earth 95,000,000 miles ; ergoi^ when 
Ycniis is in her inferior conjunction, or nearest to the earth, she is 
only 27,000,000 million miles from the eartli (for 95 — 68=::27}. We 
know, from observation, Venus's apparent diameter in this position is 
00"; m/o, 27 : 00" : ; 95 ; 17*' nearly diameter of Venus, viewed 
At as great a distance from the sun as the earth, and the apparent 
diameter of the earth at the sun is known to be I7'^5 (double 8'';73 
the parallax) ; ergo, as 17"’5 : 7912*" ; : 17" : 7006 miles, therealdia- 
meter of Venus. . In like manner, Jupiter in opposition has an appa* 
rent diameter of 48", his mean distance about 490,000,000 miles; 
ergo, at that tin^ his distance from the earth is ^5,000,000 mllea * 
ergo, 395” : dB'' : : 95” : 199", the apparent diameter of Jupiter itt 
the distance of the earth from the sun. 

To find his real diameter, we have only to say, 17"*5 : 7912“ : : 
199" : B9100^ ^ ^ ^ 

The apparent diameter of the sun, as seen from tbe earth, ; 

32' or 1920 ; ergo, 17"-6 : 7912"* { M920" ; 870,000” uenrlyi;- The; 
real diameter of the moon and the , other planets may be foupd ui i f 
similar manner : and hcACe their, bniks may be easily eafeuial^ al'- 
foUows: I . 

I I. 
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The sun, at his mean distance fioni the cartli. subtends an angle 
of 32' 12"' r= 1032'^ and the earth at tho suii therefore the suns 
(iiametiT is to tlie earth’s diameter as 1932" to 17J.', or es 11 IJ to 1 ; 
and as spheres are to each oUier as tin cuboh of their dt.iii)etHN» 
the hulk of the sun will be to the bulk of the i urth us the cube of I U J 
tt) the cube of 1, or as 138016(1 to 1. The earth’s diametoi, as seen 
fioni the moon, subtends an aiigle of d >uble tho moori% horizontal 
parallax, which being taken at 57' 20", oi 3140", the oailirs must be 
1 54' 52", or 0802"; when the moon’s hoi izontal parallax is as hcio 
staled, lui dtainoter subtends an angle ot 31' 2"^ 1862"; llunloit^ 
tiu eai til’s dianieiei is to that of the moon’s as 3110' to 1802", or as 
3*7 to 1 ; and her bulk will bo to the moon’s as 19 4 to 1. 

Ill this manner ina) the bulk ot any of the planets be found : Uy 
first finding what angle the planet subtends from the earth, and th a 
conipatiiig Its dianietir with the earth s diameter. 

Abtc.— As Venus n, seen, soni< times, on the uiin’s di^c, whieh is 
at the time she is in hi r infeiioi eon)ti!ietion, or iieaust to t!io laith. 
It uOoids an i xcellent oppoitiinit> of measuring lierappaii nt ilianierer. 

The i'lemerits ot the planets are — tst. long, asediding node; 2d. 
rcceiitncit^ ot orbit; 3d. mean longitude, 1st Januaiy ; 4tb. mean 
longitude peiihclion; dth. Si'ciilar raiiation of perihelion; Oth.ineli- 
nation of oi bit ; 7th. aidereal revolution ; 8th. moan distance. 


Method ofjpiidmg the Maks of Matter yi the Sun and VlantU* 

Let V and (denote tho forces by which two bodies re vole in ciicles, 
whose radii are D and d in tho pei iodic tunc < P and p^ then by tho 

D cl 

theory of central forces (Dynamics) F : f :: p : p. 

Now in (he case of the sun and planets, the force F is the amount 
of the deflections of the rcvoiviug body to all the particles in the 
central body, which, ^ttiiig M foi the mass of mattci in that innly, 

will be expressed b) and similarly putting m’ for the niattei in 

tbo central body towards which the other body graritates at the 
m M m D d 

distance d, therefore, yi • - pa • ^ coiiscquenUy 

D» d"* 

M : m : : p : p . llenco it appears, (hat the mass of inattei* in 

the bodies that compose the solar system are diroctlv as the cubes 
of the mean distances of any bodies which revolve abotif tbtni, and 
, ittveisely as the squares of the times in which die revolutions aro 
l^onsecli 

The application of the abtive theorem to determine the quantity o( 
Matter in tl^ sun, taking the quanti^ of matter tn the earth as unity. 
The sun’s distance tit miles - 93720900 

* The moon's distance • • * . 310144 

Faith’s revolutiou in sidereal days . 305*25 

Mo<m*s sidereal rcvoluUun • , « 27*322 
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'Fhcu by the formula • 

240144* . 03726000* 


6un 


_ . . . lA = 1 : M = tiic matter in the 

27 322® 366 25* 

r,. f 0.mG(IOO*X 27-322® 

llKTcfoio M , .-.~-T 7 :rrTri =332660 

36 > 25* X 240144* 


Hut this must he iiicrtfi'^^cl about Y(j^h, b«caiii»e the moon here 
supposed to re\ohc about ihr centie ol the earth, ^vhtreas she nally 
nio\e$ about thfir common centre, and on this account the gravitation 
of th( earth is (stimated greatti than it ought to bo. 

'Fhijs nureasid, the (piaiitit) of maiUrm the sun maybe icckoncd 
at 337422 tinus tlialot tiu raith. 

llow(\(i tills cannot In cotisideied us very ac( urate, as the sun’s 
distance from the eaitli is unceitain, it lx mg (UdiKcd fiom his hoii- 
zontal paralluY, \\hich is said to be only about 7 oi 6 6, and an 
1 iror oi mte tenth of a stcoiul in the paialiax will produce an iiior of 
of till ^vliok, for the inor will vai} in a triplicuU piu|>oitioii. 

In tin suriii manner may Jupiter be compared with tlic tarth; bv 
coinpuiiiig tin graMtatioii ot ins ii(ar(«>t satiiiito with that of the 
moon li) d ( dlculdtioii bimilu to tin abo\e, it appeals that Jupitei 
contains 313 times more niattri than the caith. J rom the piiiodte 
tinus and distances of tin satellites of Satuiii and Uranus, may also 
hi i stimated the forms by 'which tluy gravitate; and hence it is 
ftmnd, b> cah iilatioti, that the foimcr planet contains 103 times more 
matter than tin cailh, aiul^tlu laitti 17 turns as much 

riu ((Uiiiititv of irnitUr in those planets that h i\e no satciliUs can 
oiil\ be guessed fiorii lliecflict tht^ piodiuein distiiibmg the motions 
oi the otfur plaints 'Hit quantity of matter in the moon, howivcr, 
mi> br deteimiiud with griaU^r ceitainty, by (ompanng togcthci the 
iiitluenci ot tin siiii and moon in pioducingthe tidiN, and the precession 
of llu cqiiinoxis 11c m e li is found that the moon 26 about A of the 
eaith. — "ihe quantity of matter in each of the planets has already bei n 
stated at page 146 of this Work, to vrbtch the reader may refer for 
more infoimatioii on this subject. 


To dctemine the Im^HnSe of Placet on the Earth, 

This is a problem of such diihculty in practice, that, altiiough 
lire efFoits ot some ot the greatest rnathemaUemns in Euiopc have 
been diieckd towards the invention of easy, practicable methods, yet 
none has been hithert(j||^dii»cov€red that is not liable to eirorb, thcbe 
i rrurs, it must be remarked, arc not to be ascribed entirely to the 
theoi\, (which IS, at least, with respect to several of the methods, 
nccMintr,) but to tlie piactice, particularly when the observations for 
determining tbe longitude arc taken at sea. Still, however, when a 
coiiiparibOtt IS formed between the modem tgeiliidds ot solving tins 
problem, and those which were praotised two cepinnes aao, it will 
appear that very considerable advances have been made towards a 
perteot solution ; and these are probably, in great nmasure, to be 
aUri^ted to the vgry handsome rewerde tirhieh hg^eibuen omed b) 
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eoinaierciai imtions to those who uliouid propose the most accurate 
and practicable Wa^ of attaining so drahable an end. 

tt may seem a matter of astonishnieftt, that this question^ which is 
probably the most inlerestiug that ever en^ired the human attention, 
IS little more than to be able to tell what o’cllock it is elsewhere; for 
the longitude is found by the comparison of local or relative time ; 
and as the hour is easily found at the place of observation by alti- 
tudes, the only difticulty is, to iind the time at the sam^ ihsiaiit at 
some other place whose longitude is known. Now as the sun, in his 
daily course^ passes over 3G0 degrees of longitude in 24 hours, he 
passes over I5.degrees in one hour, and over any other space in this 
proportion; and therefoie il* the <li8crGnce in time between any two 
places be known, the difference of longitude is thence determined. 

Hence, if a perfect time-keeper could be constructed, it would 
obviate all diflicutty on this- subject, and render the longitude as 
simple a problem as the latitude ; for such an instrument being set to 
the time of any place whose longitude is known (suppose to that of 
Gret.tiwich Observatory, from whence* we reckon oiir longitude) it 
would preserve this time in all oilier parts of the world ; and, by com- 
paring this chronometer with a clock or watch properly regulated for 
the place of observation, the diiTercoce would show the longitude. 

Notwithstanding the great degree of perfei'.tion to which time- 
keepers have been brought, they cannot be supposed such infallible 
guides to the longitude as the heavenly bodies ; the advantage the 
former have is, that of being at all times most easily consulted ; but 
the prudent mariner will not trust to chrononiotors alone, though he 
must use them as auxiliaries to his astronomical calculations; for 
such delicate and complicated pieces of mechanism will be ever more 
or less liable to be affected by the violence of motion, or the vicissi- 
tudes of season iiud climate, and, like all other productions of human 
art, must be subject to accident, disorder, and decay ; whereas the 
heavenly bodies are unchangeable ; these only are the unerring time- 
ke^ers which exibit a true species of perpetniU mothm. 

There are vanovs methods of finding the lo'ngitiide by celestial 
observations, but all proceed upon the same principle, or tend to the 
same object, which is to tell the time at Greenwich Observatory, and 
this c(»mpared with the time at the place of observation, shews the 
distance east or west from Greenwich, and of course shews the lon- 
gitude of that places 

Pint method i Sg the stm’s €(ecffiiaifoa.<^Find foe declination of the 
sun at noon, from observations made upon Mm either at the meridian, 
'or three or four kotirs from it: take the dt^ence between this com- 
^puted declination, and that for noon of the same day at Green- 
wich, as shewn by foe dl^ettierls ; from which take likewise, the 
daily difference ofdeclinatioii at that lime, then employ the follovnug 
analogy : As the daily ddferCTce i^ declination, is to the difference 
above so are fo^tbe djtfhreece of longitude, l^ut kdtQ a 

small errbirili the compufod^dc^l^iitioii, will causea very cop^i^ble . 
one in the Afii^eace of loiiptitde $ ahd as sut^ au error 
bly arise froni/Wimderiaff foe cfii^e of deolinafip^ day, 

as regnimr, tMig foetlm is apt to be |ipifo;iilmeU^a in 



82 


OF DETERMINING THE LONGITUDE. 


Second nictkoJ: By the culminating, — Seekin the Kphemeris 

for the time of iho moori’K coming; to the meridian on the given day, 
and on the day following, and take the dilference ; take ali^o the dif- 
ference belMoen their times of culminating on the same day, as found 
ill the Kphemeris, and as observed; then say, as the daily difference 
in the Kphemeris, is to the difi'erence between the times of southing 
found by the Ephenieris and by observation, so are 300^ to the differ- 
ence of longitude. Here the moon's motion is supposed to be 
uniform, which is not the case ; therefore, since a small error in this 
respect, or in the time of the moon's culminating, may occasion a 
great error in the longitude, this method is no more to be recom- 
meiide<1 in piiietice than the former. 

Third method: By the distance between the moon and a known Jixed 
star, when both are on the metidian, — Let one observ^er take the alti- 
tude of the moon's centre when on the meridian (which may be done 
by taking the altitude of the iJpficr or lower limb, and allowing for 
the s<>niidiarnotcr), and another the altitude of any such star in the 
zodiac as then happens to be on or very near the meridian. Now the 
right ascension of the moon will be equal to the right ascension of the 
star, if they wore on the meridian exactly together : but if they are 
not on the iiioridiafi together, if their difference of culminating do not 
I'xoeed eight or ten minutes, the right ascension of the moon may be 
found by adding or subtracting this difference to or from the right 
ascension of the star, according as the moon culminates after or be- 
fore the star, Then, knowing the <lay of the month, with the moon's 
right ascension, examine the Nantical Almanac, and find, by propor- 
tion, at w'hat time at (•rcenwich the moon had Unit right ascension. 
Take also the difference between the meridional altitudes of the moon 
and the star which is then on the meridian ; this difference (when 
properly corrected for dip, refraction, and parallax) will be the differ- 
ence of the declinations of the moon and star, whence, the declination 
of the star being known, that of the moon becomes known also. Then 
find, by means of the Nautical Almanac, at wdiat lime on the given 
day, the moon had this declination : if the time thus ftiund agree 
either exactly or very nearly with the time deduced from the right 
ascension, take the difference between half the sum of them, and the 
time of the observation (determined by some of the methods before 
referred to), for the difference of longitude in time, whence Ihc longi* > 
tude in degrees, <fcc. may be found : but if the times thus deduced do 
not correspond tolerably accurately, recourse must be had to some of \ 
the following methods. # 

l^ourth method: By eclipses of the moon, — ^I'hese eclipsea ate seen 
at the same instant of absolute time in all parts of the earth: lbeXe 7 ^ 
fore, if ill two or more distant places wdiere an eclipse of the mooh if; 
visible, the times of the beginning or ending are carefulty. observed; 
as also the times when any number of digits were^ipsed; or, yrbich 
is better, the times when the earth’s shadow began to (ouch, or to 
leave any remarkable spot on the moon's face ; then will this difference , 
of the times when the observations of like kind werej:ifii^e^: ;|i;lvp the 
dij^ferciice of longitude between the places of obs< rvatioi^r 

qf,cpmpartng the observations :tU two nt i 
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times of the beginning and end of the eclipse, as obeetred at the 
place the longitude of which is required, may be compared with tlie 
times of beginning and end at Greenwich, as given in the Nautical 
Almanac, and the longitude may be deduced from the diftercnce of 
times as before ; but the longitude thus found will not bo so accurate 
' as that determined by two observations, because oi die inaccuracy of 
the lunar tables, and of the great difficulty of to ling 
of the first and last contact of the earth a shadow witli the moon s 

limb. 

Fifth nu^hod: Sjf tkeecHpui of Jufdter^i «i/ef«<c«..-The eclipses 
of Jupiter’s satellites afford one of the readiest, and for general pc 
tice one of the best, methods of determinmg the longitudes of places 
at land : and whenever Jupiter is to bo seen,* they might be applied 
at sea, oftencr than they would be wanted, if they could Im observed 
with sufficient accuracy in a ship under sail. In order to find the 
longitude of a place at land by an eclipse of one of Jupiter s satellites, 
the' following directions must be obscrveii: — On tho day preceding 
the eviMiiiig on which it is proposed to observe the oclipse, note tlie 
time it wiUhappen nl Greenwich, as given in the NauUt|al Almanac. 
Let the estimatU longitude of tl.c place of observation be co.iver cd 
into time, and, \(ea»twar,l of Greenwich, udffcd to the time of the 
beginning of the eclipse, as given m the Nautical Almanac, but if 
the place be teentwanl, mbtracled ; and it will give tlie time nearly 
when the eclipse is to be expected at that plap Begin to observe 
twenty or thirty minutes sooner than the tunc thus estimated, ami lol 
the iimtaiit when the cclipso begins or ends bo noted, as ^ » 

watch previously regulated to mean time at p pipe of .''b»crva- 
tion: then tlie difference between this time and the Greenwich time 
converted into degrees, will shew the longitude from Greenwich. If 
the time at Greenwich be fc** than the lime observed, the lonptiide 
s e«r otherwise it is teesf. The best eclipses tor finding the 
lon^udo are those of the lint satellite, because its theory is mos* 
aSatSy setUed ; but it should be observed, that its emersums are 
not visible from the time of Jupiter's conjunction wiUi the sun to the 
time of his opposition; and the immermiu are uot visible Irom Ins 

opposition to nis conjunctioiK 

A method, is by the difference between the observed times of 
'©k •Mrv/vti anfl A fixpd star oassinff the meridian of each place. But 
' this method is attended with very considerable ttople in the cnlcula- 
, Uon, and is not more accurate Ihan ffie ^thods abeady noticed. 

The Uut method we shall notice is ffiat ^ obsemng the distpp 
' between the moon and the sun, or a fixed star. This is one of the 
ittirtl accurate methods which can be employed, and is pccuharW 
%bted for determining the longitude at sem It is, 

: ; “r/Sfonomical method to w hich seamen have reeourso to for tins 

♦ An wdT be visible h any piece. If Jupiter to 8® or mere Awe tto 

tori^ Mdffirena as much below It: whether this will or wil^t be the 
. tee totfded to to made, way be readily *■»>«•»< 

; WIffi saltoient accuracy by a celestial globe. 
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important purpose, but out liniiU vtill not poimit us to enlarge fur 
llict upon It. 

Vajiation r baits have also bet n r« conimcinlt d ; but they cannot bi 
depended upon tor any Itiiuth of time, as tbe tuedh is conatuntl] 
changing it^ dircctiou, and the law of its variation is still a secK^t. 


Explanation and of the Nautical Almanac of Epficmni^. 

This National Almanac is chiefly intended foi nautical purposes, 
but it iH of the gieate&t use in all astronomical calculations. It was 
b€giiii 111 17U7, under the direction of the Btiard of longitude, on the 
recoininrndiitioii of Dr. Ma&kelyne, who had the immediate conduct- 
ing of it for man> years. 

All the calculations of the Lplfcmcris, except thost of the 
eclipses of Jiipittr's satt Hites, arc made according- to tin apparent 
time by llic nKridian of the 1to\al Observatory at Ciroen\McU . and 
the sun’s, planets', and moon's places, uifli tin \ niticulars depending 
on them, are computed to the instant of apparint noon, oi that of the 
sun's centre passing the meridian of Gicenwich. 

The day is here supposed, according to ilie metliod of astronomers, 
to begin at noon, or twelve hours later than the civil day of the same 
uenominatioii, and to be counted up to twenty -four hours, or the 
succeeding noon, when the next da} begins. Thus the day of the 
month and the hour of the day aie the same *in this method as in the 
< 11 il account at noon, and from noon till midnight ; but from midnight 
till noon they difler. 

There are ticclre pages for every montli. The first column of the 
first page of each month contains tne day of the week expressed con- 
cisely by the initial letter or letters; the second the day of the month ; 
the third column exhibits the Sundays and Festivals of tlic Cliurch of 
England, and other remarkable days; the last column shows at top 
the moon's phases, or the times of new and full mooD, and of tbe first 
and last quartei or two quadratures widi the sun ; beneath are oon<^ 
tamed miscellaneous phenomena; namely, eclipsea of the sun and 
moon, and occultations of planets or fiaed stars not less than the 

fourtli” magnitude, by the moon, which can he oocultatioiis any 
whereon the glofie, between the latitudes of 90^ north and 40'* south; 
the entrance of tbe sun into the several signs, and any other re- 
markable phenomena. ^ 

The stars are expressed by Bayor^s characters of reference. The 
conjunction of the moon or a planet with a star is denoted by prefix- 
ing the character of the moon or planet to that of thj^ star, the time " 
of the conjunction bting plactd immediately before. The case is the 
same with respect to the occultation of a star or planet by the moon, 
only tliis is further distinguished by tbe addition of im. or immersion, 
to signify the disappearanne behind the moon : and em. or emersion, 
to signify the re-appearance of the same. Thoti^8< Itf* 22' g 3 yf, 
signifies that the moon will be in contimction Wilh ihe star ^ yf on 
themghth day at Itf* 22^, exclusive of patallaits and 10® O'* 14 im. 
off pi ; to* jio'* 28* em. ^gti}fi4s ^at eclipse c n on 
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ilie loth day, the immersion being at O'* 14, and the enii.r«fiou at 10^ 
23 apparent time at Greenwich. 

Ibe occuitations set doi^ii ate only those \iMbIc dt (rieenv^ich; 
the circumstances of which will commonly not ditlir veiy widei\ in 
most parts of the kingdom; but in very distant pldc^^s they will diflcr 
very much, owing to the change of the mootrs parallax," oi it niav 
become no occultntion nt all. The same nia} be said of it lip esof 
the sun. 

Tiu two first columns of the «ecnnd page ot the nionlh coiilaiii the 
day of the week and month, as before ; next follow the suifs loiigi* 
tilde, right ascension in time, declination, and the equation of tiiui 
with Its diffcicnce from day to day. 

To find the sun’s longitude at any time diffeiinf fioiu noon, piopor* 
tion must be made according to its daily increase : saying, as 24*^ is to 
the hour from noon reckoned by the meridian of Green wirli, so is 
the daily variation of the sun’s longitude to a ioiiith number; which 
added to the sun’s longitude at the preceding noon, gnes thi tiiio 
longitude at the given time. 

If the time given be that of a meridian diifirent from Greenwich, 
It must be first reduced thereto, by adding or subti acting the ditior<* 
ence of longitude turned into time at the rate of one hour to 

The surfs longitude serves also to compute the aberration of the 
fixed stars and planets. 

The sun’s right ascension in time is useful to the practical astrono- 
mer in regular observatones, who adjusts Ins clocks by sidereal time. 
It IS also useful to him foi converting apparent into sideieal time ; 
as suppose that of an eclipse of Jupiter’s satidlitcs, in otder to know 
at what time it may be expected to hapt>eti by Ins < lock. For this 
purpose the sun’s n^t ascension at the preceding noon, iogilher with 
the increase of right ascension from noon, must be added to the appa- 
re*:t time of the phenomenon sf t down in the Fphemens. 

The sun’s right ascension m time serves also to compute the appa- 
rent time of a known star passing the meriduia : thus, Nubtiae*! the 
sun's right ascension in time at noon from the star i tight ascension m 
time, the remainder is the apparent time of itie star’s passing the me- 
ridian nearly: from which tin proportional paitof ilie daily iiicrfase 
of die sun’s right ascension tor this apparent time from noon Vintiig 
subtracted, leaves the correct time of the atai’s passing the nieiHlian, 

The sun’s dcdination is nccessaiy to find the latitude, whetiicr at 
sea or land, from his mciidian altitude observed. It is also necessary 
to calculate the apparent time from an observed altiludo of the sun at 
a distance from die meridian, ttie latitude being given ; or to compute 
the tune of the son’s setting or rising, which, though a lens accurate 
method the former of obtaining th^wo^iimy yet be useful when 
that cannot be bad. For any of these purposes the sun’s di clinatton 
must be found to the time given nearly, reduced to thO meridian of 
Greenwich, making proporuop according to the daily inciease br 
decrease, in like manner as ihowh with respect to tlie 
longitade. 

The equation of time is a correetfon, lyhkb added to^ or subtracted 
from the apparent titee {Aceordiiig to its tStlo nt ihetop Of the uo^ii) 
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gives equated or mean time, or that which should bethoA'U by a good 
clock or watch. 

The equation of time being set down in the E|i')em6ris for noon 
at Greenwich, proportion must be made according to the daily difier- 
mce, to find what it should be at any given time reduced to the same 
meridian, as in tlic preceding articles. The last column of this page, 
containing the daily didcrciices of the ccpiation, is designed for this 
purpose. 

But when time-keepers are used at sea, the apparent time deduced 
from an altitude of the sun must be corrected by the e(|uation of time, 
and the mean time found compared with that shown by the watch ; the 
didbrence will be the longitude in time from the meridian by which 
the watch was set, as near as the going of the watch eaii he depended 
upon. 

The time of the surfs semidiameter passing the meridian, page 3d, 
scrv<\s to reduce an observation of a transit of the preceding or subse- 
quent limb over the meridian to that of the ct iitre, when onl> one was 
observed. It signifies a portion of apparent lime, or even mean 
iifuc, the difference being absolutely insensible upon so small an. 
interval. 

From the time of the sun\s semidiaraeter passing the moridinn may 
also bo found the lime of its passing the horizontal or vertical wire of 
a quadrant or sextant, which on some occasions may have its use. 

The scinidiameter of the sun is necessary to reduce the obseived 
altitude of his upper or lower limb to that of the centre; also to 
reduce the observed distance of the moon's nearest limb from the 
sun's nearest limb to the distance of the centres. It is also useful to 
istroiiomers to verify or ascertain the exactness of the scale of their 
nticrometers, by comparison with the measure of the 'lun’s horizontal 
diameter. 

The hourly motion of the sun is useful in computing solar and lunar 
eclipses. The logarithm of the sun's distance is useful in the calcu- 
lation of the places of the planets and comets. The place of the 
moon's node signifies its mean longitude, and is necessary for fiuding 
tlie equation of the equinoctial points both in longitude and right 
ascension, the equation of the obliquity of the ecliptic, and the devia- 
tions of the fixed stars in right ascension and decimation. 

The eclipses of Jupiter's satellites are set down on the lower part 
of page 3d, and to mean time. They are Avell known to afford the 
readiest, and for general practice the best method of settling the 
longitudes of places at land ; and it is by their means principally that 
geography has been so much reformed since the invention of teles* 
dopes, and the construction of tables for calculating Ihe time of their 
happening. a 

llie eclipses of Jupiter’s satellites are observed by astronomers at 
land, as well in order to provide materials for improving the theories 
and tables of their motions, as for the sake of comparison with the 
fOorrespofidiog observations which may be made by persons in dif* 
parts of the globe, whereby the longitude of s^h places will 
A^J^nrately aseexteinetjl* It is indeed, to bn lameotea.tbat persons^ 
#tantea^|jig^ are cmI, to Multiply obsenrar- 
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UOHS of this kind ; for want of which, the oWcrPatims made by 
astronomers IQ established observatories lose half Uicir and Hie 
imuroyement of geography is retarded. ^ ' 

The eclipses, carefully calculated and set down in the Kpheiiie:’4e, 
will serve to advertise them and observers in general of the times whoh 
they should attend to these observations. 

The iiuiuersions signify the instant of the disappearance of the satel- 
lite by entering into the shadow of Jupiter; and the emersions' sig- 
nify the first instant of its appearance at coming out of the saim\ 
*rbcy generally happen when the satellite is at some distance from 
the body of Jupiter, except near the opposition of Jupiter to the sun 
when the satellite approaches nearer to his body. B(‘fore the oppo- 
sition of Jupiter to the sun, the immersions and emersions happen on 
the west side of Jupiter, and after the opposition on the east side; 
but if an astronomical telescope be used, which reverses objects, the 
appearance will be directly Ine contrary. Before the opposition, the 
immersions only of the first satellite are visible ; and after the oppo- 
sition, the emersions only. The same is generally the case with 
.lespiict to the second satellite ; but Ijoth the phenomena of the same 
eclipse arc frequently observable in the two outer satellites. The 
immersions and emersions, marked w^ith an asterisk in the Ephemeris, 
are those visible at Greenwich. 

The immersion or emersion of any satellite being carefully ob- 
served in any place according to mean time, the longitude from 
Greenwich is" found immediately, by taking the difference of the ob- 
servation from the corresponding time shewn in the EphomeriH, wdiich 
must be turned into degrees, d:c. and will be east or west of Green- 
wich, as the time observed is more or less than that of the liphenutris. 

Example, — Suppose an emersion of the first satellite should be 
observed at the Cape of Good IJopo, April 10, 1005, at 13'‘ 25 
mean time ; the time by the Enhemeris being 12^ 12' 2", the differ, 
ence is 13' whence the longitude of the Cape should bo IfV^ 
23' 15* cast of Greenwich, because the time supposed to be observed 
at the Capo is more than that of Uie Ephemeris. ' 

The longitudes and latitudes of the planets, page 4th, serve to show 
w here to look for them in the heavens, to enable persons loss skilled 
to distinguish them from the fixed stars. They also show when they 
are in the most important points of their orbits, wliere it is most ma- 
terial to observe them. 


The 5th, 6th, 7th, 8th, (Hh, 10th, and lltb pages of each month 
contain the moon's place, and all the circumstances relating to her 
motion and her distances from the sun and proper stars, from wbiqn 
her distances should be observed for finding the longitude at seflj 
For y^e sake of greater precision, the moon’s londtii^, 
right ascension, declination, semidiameter, horiaontal parallax, wii& 
its proportional logarithm, are computed t^ice a day to. iMKrti 
miunigbt, and may readily be inferred to any intermeaiate^ 
the greatest exactness. . jT ■ 

The moon's loa^itude and latitude are used in 
tances from tlie mia^.and stars contAx^ed in tbe fbui; 


month, as well as.^|:Vjappa1sea ^ 
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^ , ., W ]p^H«ai are Aecessary fot com* 

^ ibc Buu and moon, and the occnltations of fixed 
file moon. They also faoilitata the calculation 
of thn teHiptiiae l>laee from an obsenred eclipse of the san» or 

^0ectdtniio!|| df % etar oi planet by the moon. Ot, if the longitude be 
ivelt iijnoiir|i}i 'die |mrallax and eemidiameier serve to deduce the 
place in the heavens from the observation^ ^hioh, com- 
that giTcn by the Epheineiis, shows the error of the tables 
flfifiM time* Ulie moon’s semidiaineter and parallax are applied in 
almost all observations of the moon. The proportional 
of, the mortal’s paiatlax serve further to facilitate the calcii- 
of parallaxes* 

> The mooit’i right ascension and declination are useful to compute 
har ahUndo at any time, particularly at the observation of her distance 
Irmh ihs sun or a star, supi^sing it was neglected to be or could not 
bn obsenrcdproperly ; which latter case may sometimes happen in 
dm night' Tne moon’s decUnaaon, with her scmidiamotcr and parnl- 
huti servo for finding the latitude by the meiidian altitude of her 
Ifppet and lower limb observed at sea. The moou's right nscensioii 
^4 decimation also serve to compute the time from her altitude ob' 
mpvtN) at the observatton of her distance from a star ; whence the 
^mgttado may be inferredi though no altitude of the sun or a star was 
imm fi>r regulating the time. 

« >> . ^tbitf.^^iices of the moon l&om sun and fixed stars, contained iu 
and 11th ^mges of the month, are set down to 
hours of apparent time by the meridian of Greenwich, and 
utpiigiKm to prevent the necessity of a calculation by seamen and 
oAmmmliowisb 10 determine the longitude by lunar observations. 

^E^h^fij^rationaof Jupiter’s satellites, page 12th and last, exhi- 
bit tbe^Oppment positions of the satellites with respect to each other, 
and Ip Jl^iter, at such an hour of the evening or night as they aie 
mom ip be observed, and serve to diatiuKiiish the satellites fiom 
dUtinguUbcd by the mark 0> and thesatel* 
Srsft figures annexed ; the figuie 1 signifying the first 
\ S smiona satellite, &e. ben the satellite is approach- 
iliptteh the figure is out between Jupiter and the point ; 
is rocodmg mm Jupiter, the figure is put on the 
mnti satellites are in the superior paits of 
^ floni tfao earth, wb(^ they are marked to tho 
in Jqfilter approaching him ; or to the left band 
^moadingfroin him; but are in the inferior parts of 
amrth, ^hen they aio marked to the 
from him^ or to the left «t east 
^ -^“j^her Oi ^metifftes annexed to 
margin, aigflifies that it is invH 
Made ma^ m signifies that it is 
\ sbad^# or behind Jupiter 











